Transit Mobility and Premature Birth in New York City:  a Population-Based Study by Maddux, Ross B
City University of New York (CUNY) 
CUNY Academic Works 
School of Arts & Sciences Theses Hunter College 
Spring 6-1-2021 
Transit Mobility and Premature Birth in New York City: a 
Population-Based Study 
Ross B. Maddux 
CUNY Hunter College 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/hc_sas_etds/717 
Discover additional works at: https://academicworks.cuny.edu 
This work is made publicly available by the City University of New York (CUNY). 
Contact: AcademicWorks@cuny.edu 
Transit Mobility and Premature Birth in
New York City: 
a Population-Based Study
Ross Barrett Maddux
Submitted in partial fulfillment of the requirement for the degree
Master of Arts in Geography, Hunter College
Department of Geography and Environmental Science
695 Park Ave, New York, NY 10065
May 2021
    April 2021 Dr. Mariana Pavlovskaya
Date Thesis Sponsor
    April 2021 Dr. Shipeng Sun
Date Second Reader
Table of Contents
List of Figures                     4
List of Tables                      7
Introduction                   8
Literature Review              10
Methods                           31
Analysis
Vital Birth Records                            44
Exploring Significance in Risk Factors     44
Screening / Prevention Pathway:
Prenatal Care, Work During Pregnancy        49
Pro-Inflammatory Pathway:
Hypertension & Infection                   55
Exploratory Tract Level Statistics     57
Exploratory Tract Level Statistics: Multivariate     63
Transit Mobility                  66
Spatial Analysis: Premature Birth & Transit Mobility     73
Spatial Analysis: Premature Birth & the Pro-Inflammatory 
Pathway                  80
Spatial Analysis: Premature Birth & Prenatal Care     93
Conclusion & Recommendations                110
Discussion of Limitations                 114
Appendices                117
2
References              131
3
List of Figures
Figure 1. Regular Half Distribution, Mean 5.62, Interior Half (Values 0.01-5.62)          35
Figure 2. Example Pattern: Origin & Destination Points                        35
Figure 3. Prenatal Care Visits Per Pregnancy                       50
Figure 4. Date of Initiation of Prenatal Care                       51
Figure 5. Scatter Plots: Gestational Length & Birthweight Versus Number of Prenatal
 Care Visits & Days Gestation After Initiation of Prenatal Care                       52
Figure 6. Rate Prematurity/Low Birthweight In Pregnancies Attending Less Than
 Given Number Prenatal Care Visits                                   53
Figure 7. Rate Prematurity/Low Birthweight In Pregnancies Less Than Number
 Weeks Gestation After Initiation of Prenatal Care                                   54
Figure 8. Probability Density of Premature Birth Rates by Census Tract                              59
Figure 9. Premature Birth / Low Birthweight Rates in New York City by Census Tract       60
Figure 10. Tract Rates: Any Infections During Pregnancy                                 61
Figure 11. Tract Rates: Hypertension During Pregnancy                       61
Figure 12. Tract Rates: Attended <11 Prenatal Care Visits                   62
Figure 13. Tract Rates: Initiated Prenatal Care After 1  st   Trimester                    62
Figure 14. Probability Density Histogram, Local Transit Mobility Index Values for
Census Tracts                      67
Figure 15. Public Transit Mobility in New York City, 2019                     68
Figure 16. Most Predictive Single Factors, Bayesian Negative Predictive Value                     71 
Figure 17. Most Predictive Single Factors, Bayesian Positive Predictive Value                      72
Figure 18. Scatter Plot: Premature Birth Rates, Census Tracts by Mobility                        73
   
4
Figure 19. Mean Premature/LBW Rate in Tracts by Mobility          74
Figure 20. Differential in Premature Rates, Tracts >/< Mobility Thresholds                        74
Figure 21. Local Getis-Ord Clusters: Transit Mobility                       75
Figure 22. Transit Mobility Hotspot Analysis: Premature Birth                              76
Figure 23. Local Getis-Ord Clusters, Rates of Premature Birth/ Low Birthweight in
 New York City                 78
Figure 24. Premature Birth/Low Birthweight Hotspot Analysis: Transit Mobility                 79
Figure 25. Premature Birth/Low Birthweight Hotspot Analysis: Mean Body Mass Index     81
Figure 26. Local Getis-Ord Clusters, Rates of Gestational Hypertension in New York City 82
Figure 27. Premature Birth/Low Birthweight Hotspot Analysis: Gestational Hypertension  84
Figure 28. Gestational Hypertension Hotspot Analysis: Mean Birthweight                           85
Figure 29. Gestational Hypertension Hotspot Analysis: Transit Mobility                              86
Figure 30. Transit Mobility Hotspot Analysis: Gestational Hypertension                              87
Figure 31. Rate Any Infections During Pregnancy Hotspot Analysis: Mean Birthweight       88
Figure 32. Transit Mobility Hotspot Analysis: Rate Any Infections During Pregnancy         89
Figure 33. Rate Any Infections During Pregnancy Hotspot Analysis: Transit Mobility         90
Figure 34. Hypertension Analysis: Quad-variate Hotspot Hierarchal Summary                    92
Figure 35. Infection Analysis: Quad-variate Hotspot Hierarchal Summary                          93
Figure 36. Scatterplots: Rates Adequate & Timely Prenatal Care x Rate PrematureBirth/LBW
and Transit Mobility                                                                                                             94
Figure 37. Rate of Attendance of <11 Prenatal Care Visits Among Tracts with Worse Than
 Given Mobility                                          95
Figure 38. Late Initiation Prenatal Care Visits Among Tracts with Worse Than Given 
Mobility                        95
5
Figure 39. Rate <11 Prenatal Care Visits Hotspot Analysis: Premature Birth / Low
 Birthweight                      97
Figure 40. Rate Initiation of Prenatal Care After First Trimester Analysis: Premature 
Birth / Low Birthweight                       98
Figure 41. Rate <11 Prenatal Care Visits Hotspot Analysis: Transit Mobility                       99
Figure 42. Rate Initiation of Prenatal Care After First Trimester Analysis: Transit
 Mobility                     100
Figure 43. Transit Mobility Hotspot Analysis: Rate <11 Prenatal Care Visits                      101
Figure 44. Transit Mobility Hotspot Analysis: Rate Initiation of Prenatal Care After
 First Trimester              102
Figure 45. Mean Prematurity Rate Among Census Tracts at Given Mobility                       103
Figure 46. Transit Mobility Analysis: Rates of Receipt of No Prenatal Care                        104
Figure 47. Mean Prematurity Rate Among Census Tracts at Given Mobility                       105
Figure 48. Mean Prematurity Rate Among Census Tracts at Given Mobility                       106
Figure 49. Prematurity/LBW Rates Among Census Tracts Above Average for
 Attendance <11 Prenatal Care Visits                            107
Figure 50. Prematurity/LBW Rates Among Census Tracts Above Average for Late
 Initiation of Prenatal Care                                  108
6
List of Tables
Table 1. Multi-Variate Regression, Most Significant Variables, Ranked                                 46
Table 2. Bayesian Predictive Values, Most Significant Variables, Ranked                              47
Table 3. Increases in Preterm Birth Rate, Weeks Gestation, & Birthweight Given Worse Than
Average Rate in Single Factor, and Increases in Preterm Birth Rate with Worse Than Average
Rate in Additional Factor                                                                                                      63
Table 4. Increases in Preterm Birth Rate, Weeks Gestation, & Birthweight Given Worse Rate 
Than 62.5% of Tracts in Single Factor, and Increases in Preterm Birth Rate with Worse Rate 
Than 62.5% in Additional Factor                                                                                          64




Among the most persistent global health concerns showing few signs of decline in the 21st 
Century is premature birth. It is one of the leading factors in infant mortality, and in survivors it 
causes serious, lifelong damage to health, placing strain on family, social network, and public health 
systems (Hall and Greenberg 2016; Petrou, Sach, and Davidson 2001; World Health Organization 
2015).
A highly complex issue, a large number of factors are associated with premature birth and 
low birthweight, but, premature births also occur spontaneously, in the absence of all known 
contributing factors. In the past 20 years, an increasing amount of research has sought further 
insight, fitting premature and underweight birth into analytical frameworks of increasing complexity 
such as social deprivation and stress-related disease. However, the prevalence of these phenomena 
in the United States remains somewhat enigmatic despite advances in prediction and intervention 
(Entringer, Buss, and Wadhwa 2015; R. L. Goldenberg and Rouse 1998; Muglia and Katz 2010; 
World Health Organization 1997).
The United States has historically ranked among the worst of ‘developed’ states in infant 
mortality and as of 2015, had a rate of 5.9 deaths per 1000 live births, a rate nearly double the 
average among European nations (Bronstein 2016; Organization for Cooperation and Development 
2019). Most shocking, between the years 2000-2014, maternal mortality in the United States 
doubled, one of only three countries globally with consistently worsening rates (Hsieh et al. 2015; 
TendersInfo News 2019).
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Transit mobility has been recognized as an essential element to economic attainment, 
environmental sustainability, and as a vital part of public health (Garrett and Taylor 1999). Social 
and economic disparities paired with elusive and inefficient public transit present real barriers for the
ability of efficient planning and use of time (Preston and McLafferty 2005). Lengthier commutes and
generally less efficient travel contribute to stress during a pregnancy and limit the ability to access 
work and prenatal care (Entringer, Buss, and Wadhwa 2015; Luke et al. 1995). In survey studies of 
women utilizing clinics as their prenatal care provider, nearly 25% listed transportation as a barrier to
accessing care (Loveland Cook et al. 1999).
Prior research has not linked directly premature birth and low birthweight and contributing 
factors of stress, work, and prenatal care into discussions of spatial mismatch to availability of 
efficient transit. This research proposes that transit mobility likely impacts premature birth and low 
birthweight through two pathways: actively, through increasing the likelihood of infection and stress 
both of which promote uterine inflammation, and through impacting prevention, by limiting access 
to timely and adequate prenatal care.
If confirmed, the implication is that in dense urban environments, transit planning needs to 
begin to address the challenges transit may present to pregnant women specifically, and especially in 
most at-risk communities. Suggested is free, comprehensive para-transport to attend prenatal care 
visits, such as have been highly successful programs for servicing urban handicapped communities 
when implemented effectively. As well, if pregnancy tests were omnipresent and free similar to the 
flu shot, in combination with transportation assistance, rates of timely initiation of prenatal care 
could be improved. These measures, however can only be viewed as incremental improvements to 
materially address an issue which has much deeper cultural causes which must be addressed to make 
profound impacts, such as are rooted in cultural and structural misogyny. 
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Literature Review
Premature Birth & Low Birthweight
The 20th Century saw dramatic 90% decreases in worldwide infant mortality, but as all the 
other causes diminished, into the 21st Century, premature birth has emerged in the United States as 
the primary cause of death for infants and one of the primary causes of death under the age of 5 
(Liu et al. 2016; Zhang and Kramer 2012). While knowledge of human physiology and disease has 
grown at unprecedented levels, rates of premature birth have shown a persistent rise. The preterm 
birth average in poorer countries is 12%, while in the richer countries it is 9%, making it a truly 
global phenomena (World Health Organization 2018). Preterm birth and low birthweight have 
health consequences which are immediate or manifest over a lifetime, implications for cognitive 
development and income in adulthood, and the cost of increased financial burdens for parents as 
well as strains on the resources of public health systems and non-profits (Blencowe et al. 2013; 
Bronstein 2016; Hall and Greenberg 2016; Petrou, Sach, and Davidson 2001).
The United States has historically ranked among the worst in infant mortality among the 
‘developed nations’. As of 2015, the rate was 5.9 deaths per 1000 live births, a rate nearly double the 
average among European nations (R. L. Goldenberg and Rouse 1998; Organization for Cooperation
and Development 2019). In the United States, two-thirds of infant deaths occur among those born 
prematurely, and preterm birth is the most frequent cause of infant death (Callaghan et al. 2006).
The closely associated phenomena of low birthweight, defined as a birthweight of less than 
2500 grams (5 lbs., 8 oz), often occurs as the result of premature birth, though many cases are 
10
carried to full-term suffering from fetal growth restriction. Low birthweight is the result of many of 
the same factors which influence premature birth, and the two phenomena are so highly interrelated 
that for the purposes of this research, they could be considered almost as two facets of one complex
phenomena (Robert L. Goldenberg et al. 1985; Johnston et al. 2001; March of Dimes 2018b; 
Stylianou-Riga et al. 2018).
The health issues associated with premature birth and low birthweight are the consequence 
of inadequate fetal development before birth, where the brain, heart, nervous system, lungs, or other
systems are not formed to the point of full functionality to allow for the survival of the newborn 
without significant intervention. Premature newborns suffer slow heart rate; trouble fighting 
infection; jaundice; anemia; respiratory distress syndrome; retinopathy, leading to vision problems 
and loss of vision; cerebral palsy; intraventricular hemorrhage, or bleeding in the brain; and patent 
ductus arteriosus, a malformation of the heart which can lead to heart failure (Centers for Disease 
Control 2018; March of Dimes 2013). Premature babies are more likely to die in their first year, and 
although survival rates have been dramatically improved, these advances were not accompanied by 
reductions in many chronic conditions common to the prematurely born such as: slow growth, 
learning disorders, or neurologic handicaps, and increased risk of diabetes (R. L. Goldenberg and 
Rouse 1998; Johnston et al. 2001). Into adolescence and adulthood, the prematurely born suffer an 
amplification of the risk factors for anxiety and depression, have increased incidence of 
hypertension, often live with lifelong pain (Hassan et al. 2018; Lieshout et al. 2018; McCormick 
1999; Normile 2018), and have a higher likelihood of delivering prematurely (R. L. Goldenberg and 
Rouse 1998; Johnston et al. 2001).
Every person has a potential contribution to society which can be put at risk by premature 
birth and low birthweight which challenges educational outcomes and professional performance 
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(Almond, Chay, and Lee 2004; Hack and et al. 1994; Hassan et al. 2018; Lieshout et al. 2018; Saigal 
et al. 2000). After a premature birth, care of the child and mother can be costly, placing financial 
strain on support networks of family and friends, straining relationships and increasing maternal 
stress and shame, amplifying the need for health and psychological care, placing increased strain on 
public resources  (R. L. Goldenberg and Rouse 1998; Hall and Greenberg 2016; Petrou, Sach, and 
Davidson 2001; Rogowski 1998). Birth outcomes in the developing world continue to significantly 
hinder economic development scaling up from family to community to society (Currie and Hyson 
1999; Gajate-Garrido 2013; Glewwe, Jacoby, and King 2001).
Medical Paradigms and Public Health Campaigns
Many strategies have been tried with the goal of decreasing rates of premature and 
underweight births and reducing health risks for mother and baby. This section is intended as a 
summary of research into and implementation of strategies to reduce premature birth and low 
birthweight in the past century.
Improved medical knowledge and application of technology since the start of the 20th 
Century have greatly increased infant survival, but technological advances in care for a prematurely 
delivered or underweight baby have made almost no impact on infant morbidity or the development
of health issues over a lifetime  (Centers for Disease Control 2018; Mattison et al. 2001; McCormick 
1999). Since the development of modern medicines and medical apparati, the challenge has not been
to ensure the survival of the mother and baby, but to prevent further damage and lifelong issues. 
The best apparent option to further reducing harm is to enable prevention through addressing causal
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factors and actually bringing down the rate of premature and low birthweight births (Johnston et al. 
2001).
In the early 20th Century, maternal infections such as pneumonia, malaria, and typhus were 
associated with premature contractions. While the advent of antibiotics dramatically decreased 
maternal morbidity, the rate of premature birth appeared unaffected. That is, while these types of 
infections were reduced to a rarity, the cases of infections which occurred in their absence carry the 
same risks, and other intervening factors have continued trends in preterm birth outcomes (Romero 
et al. 2001).
Throughout the 20th Century much of the focus of research regarding preterm birth was 
designed from the perspective of premature birth as a disease which can be prevented or cured once
the correct therapy is identified. The tendency was towards the development of allopathic medicines,
simple surgical procedures, or other interventions such as nutritional, all of which were of minimal 
efficacy (Bronstein 2016; Robert L. Goldenberg and Culhane 2007). Many drugs were tested 
affecting different aspects of the pregnancy. Antibiotics were tested at trial to mitigate risks due to 
bacterial infections that are particularly associated with early preterm birth, with little result (Robert 
L. Goldenberg and Culhane 2007). Drugs to extend gestation were tested, but the delays to delivery 
observed in trials were often as little as 48 hours and did not result in improved health outcomes; 
and the drugs could not be deemed a productive risk. The only moderate success with drugs has 
been in the reduction of morbidity with cortico-steroids administered when preterm birth already is 
considered imminent (Mattison et al. 2001; Slattery and Morrison 2002; World Health Organization 
2015). The procedure of pre-emptive stitching of a structurally weak cervix, or cerclage, has shown 
some success in trials, but only at a rate of 1 in 25 who received the procedure (Page, Slejko, and 
Libby 2012).
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Much of the progress made on survival has been made since the start of the 1970s. The 
survival rate of low birthweight and premature babies then was roughly 15%, which had been 
increased to 80% by the start of the 1990s (Robert L. Goldenberg and Culhane 2007). With the 
development of certain methods such as resuscitation techniques and introduction of lung surfactant
therapy in 1990, survival rates again saw significant increases. Extremely low birthweight(<1000g) 
infants increased some 18% from an average of 49% in the 1980s, to 67% in the 1990s (Wilson-
Costello et al. 2005).
Also beginning in the 1970s, the number of women in the workforce increased dramatically. 
While economic mobility has worked to empower women, during this same period stress became a 
serious object of study as an influential factor in pregnancies (Luke et al. 1995). Socio-economic 
variables have been found to be significant and are commonly used in the study and modeling of 
premature birth (Lasbeur et al. 2006; Pinnelli and Zannella 1981; Urquia, M. L., Frank, J.W. 
Glazier,R.H. & Moineddin 2007; Zeitlin et al. 2011). Though emerging research on correlations 
between socio-economic variables and preterm birth alone, among populations in New Zealand and 
Taiwan, has shown almost no association (Rose et al. 2016).
Beginning in the 1980s, aetiology of premature birth and low birthweight began to be placed 
into frameworks of epidemiology. public and environmental health, as well as; robust, medical multi-
causal pathway modeling, further investigation of potential genetic pathways, and frameworks from 
the perspective of evolutionary science (Bullen et al. 2003; Dizon Townson 2001; Garrett and ‐
Taylor 1999; Robert L Goldenberg et al. 2008; Mattison et al. 2001; Murphy 2007; Wasser 1999).   
The attempt was made to comprehensively catalog, weigh, and index risk factors with the hope of 
creating a tool to screen and identify populations most at risk. These assessments then are used to 
both recommend medical interventions to women most at risk and target public awareness 
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campaigns to populations most at risk for premature birth, low birthweight, and lifestyle factors 
which may contribute. 
The indexes failed for years to provide any predictive power, and premature births continued 
to rise in the face of the informational campaigns which followed (Iams et al. 2001; Johnston et al. 
2001; M. S. Kramer 1987; March of Dimes 2013). There have been instances of reductions in 
preterm birth related to public health campaigns targeting a specific source of risk, such as the 
reductions which were documented following the adoption of a citywide smoking ban in a 
community in Colorado (Page, Slejko, and Libby 2012), but overall there has been extremely limited 
success in significant reduction of adverse birth outcomes. 
Contemporary schemes of risk assessment are more sophisticated and now able to successfully
predict which women have up to a double likelihood of risky pregnancy, but as a stand-alone 
strategy it has failed to significantly reduce of prematurity rates, provide better long-term health 
outcomes for the mother or child, nor to reduce rates of learning and intellectual impairment to the 
child through development (R. L. Goldenberg and Rouse 1998; Scholl et al. 1997).
As is pointed out in Bronstein’s healthily critical 2016 text, Preterm Birth in the United States, 
much contemporary research suffers from the same basis of expectation inherent in Western 
medical perception: that premature birth, like any other disease, can be explained through the 
identification of straightforward causes (Bronstein 2016). 
The case remains that many women who give birth prematurely exhibit no known risk 
factors, and the exact cause of any particular preterm delivery often goes unknown (Mayo Clinic 
2018).
Risk Factors & Aetiology
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The remainder of the literature review is dedicated to sections on different issues and 
individual risk factors, hilighting their roles in contributing to premature birth and low birthweight., 
structured as follows: three background sections on general causes and risk factors involved in 
premature birth and low birthweight, issues particular to the United States, and elective preterm 
delivery; three sections on the risk factors used as variables in analysis: stress, prenatal care, and 
working during pregnancy; a background section on transit mobility, which ties it together with the 
other material, and a final section of conclusions.
Background
A multitude of factors play a role in the risk of premature birth and low birthweight, ranging 
from congenital and developmental defects, medical complications, and lifestyle and social factors. 
Three risk factors are the likeliest predictors of premature birth: prior premature birth, non-singleton
pregnancy, and problems with the uterus or cervix such as congenital malformation of the organs, 
fibroid growths, or scarification (March of Dimes 2018c, 2018a). An exhaustive study of the causes 
of low birthweight is Kramer, 1987 which reviewed nearly 1,000 publications for aetiological 
considerations and reviewing over 40 factors individually (M. S. Kramer 1987). Generally, premature
birth is attributed to premature rupture of membranes in about 40% of cases, premature 
contractions (or spontaneous preterm birth) in about 40% of cases, and elective preterm induction 
or caesarian in about 20% of cases (R. L. Goldenberg and Rouse 1998; Mattison et al. 2001). Prior 
caesarian section, non-singleton pregnancy, or a spacing less than a year from previous birth greatly 
increase the chance of membrane rupture (World Health Organization 2018).
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Research specific to the social causes of adverse birth outcomes, stress, work, and prenatal 
care were analyzed, and characteristics of public transit systems have been analyzed for their 
potential for contributing to maternal stress and pregnancy risk (R. Neitzel et al. 2009a; R. L. Neitzel
et al. 2012). The most effective single measure in predicting positive outcomes in high-risk 
pregnancies, attending adequate prenatal care visits, is ostensibly heavily mediated by urban transit 
mobility (World Health Organization 1997). Low birthweight shares most of the same risk factors, 
however, particular to it are maternal stature and low maternal weight at start of pregnancy (M. S. 
Kramer 1987).
 Geographic analyses have focused on socio-demographic characteristics of 
neighborhoods and their role in adverse birth outcomes (Auger et al. 2012; Foureaux Koppensteiner
and Manacorda 2016; Rose et al. 2016; Urquia, M. L., Frank, J.W. Glazier,R.H. & Moineddin 2007; 
Zeitlin et al. 2011), the effects of gentrification on preterm birth specifically in New York City 
(Huynh and Maroko 2014), and spatial mismatch in New York City between neighborhood transit 
mobility and access to employment, healthcare, and public services (Preston and McLafferty 2005, 
2016; Preston, McLafferty, and Liu 1998).
Maternal Mortality and Adverse Birth Outcomes in the United States
Throughout the 20th Century, the United States ranked among the worst in infant mortality 
among developed nations. As of 2015, the rate was 5.9 deaths per 1000 live births, a rate nearly 
double the average among European nations (R. L. Goldenberg and Rouse 1998; Organization for 
Cooperation and Development 2019). In the United States, two-thirds of infant deaths occur among
those born prematurely, and preterm birth is the most frequent cause of infant death (Callaghan et 
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al. 2006). In 2016 the premature birth rate in the United States reached a high of 9.8% of live births, 
or roughly 1 in 10. In the United States 380,000 babies are born prematurely every year. And there 
are racial and geographic disparities, with rates of roughly 9% among non-Hispanic Whites and 12%
among Hispanics and non-Whites, and higher incidence of birth complications in low-income, rural 
residents (Burk 2012; March of Dimes 2018c).
Though much of the most vulnerable populations in the US receive Federal public assistance
through Medicare and access to potentially cost-free obstetric care through charities and non-profits,
the outcomes for adverse birth outcomes and morbidity or mortality for both mother and child are 
consistently much worse than the majority of ‘developed countries’ (Loveland Cook et al. 1999; 
Organization for Cooperation and Development 2019). Evidence shows that the United States’ lack 
of a universal healthcare system, unique in this way among its peers, plays a major role in explaining 
this drastic difference between the US and its peer nations in its worsening indicators (Hsieh et al. 
2015). Maternal education has been shown to be a highly significant predictive factor (Afable-
Munsuz and Braveman 2008; Auger et al. 2011, 2012; Dole et al. 2004; Michael S. Kramer et al. 
2001; Lasbeur et al. 2006; Rose et al. 2016; Stylianou-Riga et al. 2018; Wingate et al. 2012), and it 
would be hard not to make a natural connection to the poor performance of the US education 
system compared to Europe, partly explained by the younger age of mothers in the US (Cutright and
Fernquist 2014; Jordan 2014; Petrie 2007). As well, numerous studies link air pollution to premature 
birth and risk factors like stress (Hao et al. 2016; Murphy 2007; Pinnelli and Zannella 1981; Shmool 
et al. 2014; Warren, Herring, and Langlois 2010), and the disparities between air quality and 
consequent health outcomes between Europe and the United States are known (Langrish and Mills 
2014; Pope, Ezzati, and Dockery 2009).
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In the US, recent immigrants from Africa and Latin America suffer much lower rates of 
premature birth than 3rd or 4th generation immigrant populations, which points to an accumulation 
trans-generational deprivation of a social kind as a factor in the difference between the United States
and Europe or Canada. As well there are a number of notable differences generally in the US 
between European populations, which are consistent with a higher risk of preterm birth in the 
population: mothers in the US are likelier to be overweight or obese, likelier to suffer chronic 
diseases of the type which complicate pregnancy, younger, and likelier to have unintended 
pregnancies which end in a birth rather than termination (Bronstein 2016; Chapman 2009).
In short the particularly bad state of maternal mortality and rates of adverse birth outcomes 
in the United States appear to be the result of a broad range of causes commensurate with the 
subject at hand: no universal healthcare; cultural and economic practices such as consumption of 
low quality, processed foods and consequent bad nutritional outcomes, obesity, high blood pressure,
and diabetes; lower educational attainment which predicts lesser access to prenatal care; as well as 
other factors such as air pollution. In order to deal with the issue of premature birth and low birth 
weight, the United States may need to make not only major law and policy changes on environment, 
health, and education, but also potentially advocate for broad cultural shifts to alter food culture and
industrial food production to foster better health outcomes.
Elective Preterm Delivery
Medically and non-medically indicated elective preterm delivery has risen dramatically in the 
United States over the past 25 years from making up close to 9% of live births in 1990 to making up
23% by 2009 (American Public Health Association 2014). This rise in elective preterm delivery runs 
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concurrently with increases in premature births and likely makes up a significant portion of increased
numbers of premature births during the same period, as similar increases in maternal risk profiles 
were not seen in the same period (Muglia and Katz 2010). There is even evidence that rates of 
spontaneous birth rates have been decreasing over the past 25 years, and the growth due to 
physician intervention may be making up the difference in losses as well as explaining persistent 
increases (Bronstein 2016). There is strong support behind the opinion that there may be problems 
with both over-indication by obstetricians and the prevalence of non-essential election of induction 
or caesarian requested by patients (Bailit J, Grobman W, Zhao Y, Wapner J 2015; Slattery and 
Morrison 2002; Zhang and Kramer 2012).  Rates of inductions have been increasing across the full 
range of gestational ages and among low and high risk pregnancies. Medically indicated preterm 
delivery when appropriate is a necessary tool in minimizing harm, but evidence shows it is only 
empirically supported in two conditions: gestation beyond 41 weeks and premature rupture of 
membranes (American Public Health Association 2014). Non-essential elective preterm delivery 
remains a controversial contributor to premature birth working against efforts to lower rates of 
premature birth and confounding research on other suspected causes. 
Spontaneous Premature Birth
Premature labor is the spontaneous onset of labor contractions prior to 37 weeks of 
gestation. It is an immune response shared among many mammal and primate species, and in 
humans it is thought to be a response to the three triggers of infection, stress, and intrauterine 
bleeding (Bullen et al. 2003; Holzman et al. 2001). Maximization of space and nutrients in its most 
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extreme manifests as self-abortion or fetal resorption, or ‘vanishing twin’ in humans (Landy and 
Keith 1998). The three common triggers for spontaneous contractions during pregnancy are 
infection, stress, and intrauterine bleeding. And the most common risk factors are prior preterm 
birth, peridontal disease, and low maternal body weight (Bronstein 2016; Robert L Goldenberg et al.
2008). Yet for all that is known, it remains an elusive causal pathway to fully understand or predict.
An excellent and concise review of spontaneous premature birth is The Enigma of Spontaneous 
Preterm Birth, 2010 which covers historical understandings and treatment practices and provides a 
summary of suspected causes and contemporary research directions towards their reversal (Muglia 
and Katz 2010). Medical conditions in the mother such as high blood pressure, diabetes, being 
overweight or underweight are all risk factors, and have complex causal pathways. High placental 
blood pressure is known to negatively impact fetal development, as well as prolonged high stress 
hormone content in the blood. Factors which weaken the maternal immune system or contribute to 
pro-inflammatory conditions in the uterus must also be taken into consideration along the pathway 
of infection, which is one of the most highly correlated factors to spontaneous preterm birth. So it is
that innumerable lifestyle and social factors may play a role in the risk of premature birth by 
influencing the pathways of stress and infection: chronic fatigue, experiencing shock and trauma, 
malnutrition, or use of stimulants and narcotics (Dole et al. 2004; Donovan et al. 2016; Ehrenthal et 
al. 2007; Entringer, Buss, and Wadhwa 2015; Mulder et al. 2002; Stylianou-Riga et al. 2018; Pathik D.
Wadhwa 2005; World Health Organization 2018).
Stress
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The linkage of stress to spontaneous contractions has been mentioned in writings dating 
back thousands of years. The formulation of frameworks weighing stress among the primary 
contributing factors to premature birth and low birthweight is a more recent phenomenon, which 
has received most of its serious research in the past 25 years (Abeysena, Jayawardana, and 
Seneviratne 2010; Dole et al. 2003; Entringer, Buss, and Wadhwa 2015; Foureaux Koppensteiner 
and Manacorda 2016; Hogue, Hoffman, and Hatch 2001; Latendresse 2009; Lobel and Dunkel 
Schetter 2016; Mulder et al. 2002; Rich-Edwards and Grizzard 2005; Rowland Hogue and Bremner 
2005; Sandman and Davis 2010; P. D. Wadhwa et al. 2001; Wasser 1999).
Stress is highly complex and there is an extreme variety of daily environmental factors which 
contribute to stress. The body’s responses to stress are involuntary, such as in the endocrine and 
cardiovascular systems, but stress is also a highly subjective, personal experience. Stress response 
varies by individual physiology as well as psycho-socially through the experience of past trauma, 
coping mechanisms, social support, etc. (Foureaux Koppensteiner and Manacorda 2016; Rini, 
Dunkel-schetter, and Sandman 1999).
The body’s stress response includes heightened blood pressure and the release of stress 
hormones into the blood. Increases in trans-placental blood pressure and levels of blood cortisol 
and other hormones have impacts on fetal health and development directly, as well as posing 
negative consequences to the maternal immune system. As a factor contributing to a pro-
inflammatory regime in the uterus, stress contributes to risk of preterm delivery, by increasing risk of
dangerous infections (Abeysena, Jayawardana, and Seneviratne 2010; Dole et al. 2003; Entringer, 
Buss, and Wadhwa 2015; Graignic-Philippe et al. 2014; Hogue, Hoffman, and Hatch 2001; Johnston
et al. 2001; Michael S. Kramer et al. 2001; Latendresse 2009; Lobel and Dunkel Schetter 2016; 
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March of Dimes 2012; McCubbin et al. 1996; Mulder et al. 2002; Romero et al. 2001; Rowland 
Hogue and Bremner 2005; Valero De Bernabé et al. 2004; Pathik D. Wadhwa 2005; Wasser 1999).
Living with an awareness of violent crime and homicides in your neighborhood (Foureaux 
Koppensteiner and Manacorda 2016), pregnancy during seismological events (Glynn et al. 2001), 
and personal experiences of increased arguing with loved ones, intimate spousal abuse, or 
discrimination have each been examined for their roles in contributing to stress and ultimately 
adverse birth outcomes (Dole et al. 2004; Donovan et al. 2016; Graignic-Philippe et al. 2014; 
Kitsantas et al. 2012; Latendresse 2009; McDonald and Coburn 1988; Rich-Edwards and Grizzard 
2005; Rowland Hogue and Bremner 2005; Siddique 2016). Coping mechanisms common in dealing 
with stress also pose risks such as cigarette and drug use, overeating, or loss of appetite, which can 
further complicate other serious risk factors like diabetes, obesity, or eating disorders (Fujiwara et al. 
2014).
Prenatal Care
Prenatal care has been internationally recognized as an essential clinical preventative measure
for complications with pregnancy and maternal morbidity (Kitsantas et al. 2012; Lu 2018). Prenatal 
care determines risk factors for the mother or fetus, monitor the health of the pregnancy, encourage 
preventative measures like nutrition, and determine the need for interventions (Fletcher and Russo 
2011; R. L. Goldenberg and Rouse 1998). Prenatal care has not been effective at ending premature 
and low birthweight births. But women who receive no prenatal care are five times likelier to deliver 
prematurely, and babies born without prenatal care have three times higher risk of mortality 
(Bronstein 2016; March of Dimes 2018c). There is a very strong statistical association with a low 
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number of prenatal care visits and the late initiation of prenatal care and adverse birth outcomes 
(Krueger and Scholl 2000). Research has shown that the early prenatal care visits are the most 
critical. Missing visits early on has a much greater association with premature birth and low 
birthweight than cases where early visits were attended as recommended and visits were missed later 
during pregnancy (Evans and Lien 2005). The World Health Organization Technical Working 
Group created a framework for establishing a minimum of care visits and obstetric diagnostics and 
procedures, settling on a set of tests and procedures to be distributed over at least four visits (World 
Health Organization 1997). Literature review research compiling over 300 research papers on 
distance and temporal proximity from obstetric care sites conclude that mothers living within 3 
miles or within 60 minutes of care are much likelier to both seek and obtain adequate prenatal care 
(Tegegne et al. 2018). So in accessing prenatal care mobility becomes a key issue, and especially in an
urban setting, for many mothers transit determines mobility.
Transit Mobility
 Transportation planning and mobility has been brought conceptually into the framework of 
sustainable development, recognizing the local intersections between public health, economic 
prosperity, and social justice (Foth, Manaugh, and El-Geneidy 2013; Gillis, Semanjski, and Lauwers 
2016; Wei et al. 2017). It is now common to link improved access to destinations through greater 
connectivity to environmental health and justice via reduced emissions and improved air quality 
(Basagaña et al. 2018). 
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Mobility is the concept of efficiency of travel, and in the context of transit, combines both 
accessibility, or time taken to reach an access point and board, and modal mobility or efficiency of 
movement once in transit. Transit mobility is the efficiency of movement available, making use of 
public transit alone, which may encompass location of origin relative to access points, frequency of 
service, speed of service, distance to transfer hubs or links to express service, or numerous other 
considerations (Saif, Zefreh, and Torok 2018). Shifts in neighborhood demographics and housing 
costs can develop rapidly, while transport infrastructure is fixed and relatively inflexible and slow to 
change,  the perpetual challenge in attempts to plan equitable provision of transportation. 
Even under the best circumstances, transit accessibility and mobility is never perfectly 
distributed. Spatial mismatch between the needs of neighborhood residents and the quality of 
available transit presents barriers to employment, obtaining public services, and ensuring access to 
education and healthcare (Garrett and Taylor 1999; Preston and McLafferty 2005, 2016; Preston, 
McLafferty, and Liu 1998). Transit mobility brings together risk factors such as stress, adequate 
prenatal care, and working while pregnant through the way efficient travel makes possible both 
better use of time and more efficient access to more of the city.
 Access to reproductive health has long been recognized as challenging in rural areas of the 
United States due in part to the small numbers of clinics available and the travel distances involved 
(Burk 2012; Kitsantas et al. 2012; McDonald and Coburn 1988). In urban areas, while the distances 
involved may be much shorter, there is ample evidence that the time required for intra-urban travel 
combined with the stresses and challenges of urban life also present significant barriers to adequate 
access to reproductive healthcare (Heaman et al. 2015; Kitsantas et al. 2012; Loveland Cook et al. 
1999; Sanna et al. 1997; Smeltzer et al. 2017). Survey research on barriers to prenatal care access 
showed that roughly 20% of women accessing prenatal care through public clinics listed time 
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constraints as a reason for missing appointments, over 21% listed the clinic was too far away, and 
25% listed transportation (Hawley and Brown 2014; Smeltzer et al. 2017).
While transit access enables provision of health services, the stress and noise exposure of daily 
commuting may present direct challenges to the health of a mother and developing fetus. While 
accessing transit provides huge potential benefits, there is evidence that caution should be taken 
during pregnancy to avoid lengthy, daily, stressful activities such as work and the commute it entails. 
Because of the significance of stress to adverse birth outcomes and the concern for time generally 
and as regards accessing prenatal care, the efficiency of transport is taken as of high importance 
along with convenience and availability of access. As was discussed in the previous section dealing 
with stress, the stresses involved in moving about an urban environment present health 
consequences for the pregnant woman and the developing fetus.
Commuting via public transit in New York City carries moderately high levels of background
noise. Busses and trains were measured to have an equal level of consistent average background 
noise at roughly the level of 80dB (R. Neitzel et al. 2009b). This level of noise, given lengthy daily 
exposure, is considered chronic and has been linked to cardiovascular disease (Gershon et al. 2013; 
Lewis, Gershon, and Neitzel 2013; Swinburn, Hammer, and Neitzel 2015). Significant plastic 
changes are observed experimentally from high intensity noise exposure to developing animal 
fetuses, resulting in a phenotypically distinct animal throughout development (Entringer, Buss, and 
Wadhwa 2015). Human experimental evidence is limited by laws against human fetal 
experimentation, and remains untested, but the implications of this for developing human fetuses is 
a cause for some concern. Extreme noise spikes, such as are produced on sharp turns within the 
New York City subway system have been recorded as high as 110dB from a subway platform (R. 
Neitzel et al. 2009b). The non-auditory effects of noise present a clear need to consider limiting 
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frequent or lengthy noise exposure for pregnant women. From the perspective of planning, this 
places emphasis on need for efficiency and speed in transit modes to limit what exposure there is, as 
well as less noisy alternatives like paratransit services (Basner et al. 2014; Basrur 2000; Clark and 
Stansfeld 2007; Entringer, Buss, and Wadhwa 2015; Stansfeld 1992; Stansfeld and Matheson 2003; 
Pathik D. Wadhwa 2005). Train cars and busses have some sound dampening in New York City, but
stations have nothing as far as any attempt to actively reduce decibel levels or warnings on 
dangerous noise levels (Bronzaft 2010; R. Neitzel et al. 2009b).
The stresses involved in both working and basic mobility should be limited, and the 
provision of prenatal care should be as simple as possible for the greatest number possible. 
Efficiency of transit is essential in limiting exposure to these stresses as well as making possible 
access to healthcare through employment  (Aitken et al. 2015; Homer et al. 1990; Jansen et al. 2010; 
Karkowsky and Morris 2016; Morales-Suárez-Varela et al. 2010).
Note On Race
Compared to white women, African American women in the United States are twice as likely
to deliver prematurely or suffer complications during pregnancy and three times likelier to die during
pregnancy. New York City is a more extreme case with black women four times as likely to deliver 
prematurely. These stark racial disparities in pregnancy health have remained consistent for the last 
50 years, even as the prevalence of birth complications has steadily increased among white women 
(Centers for Disease Control 2017; Hsieh et al. 2015; Rowland Hogue and Bremner 2005; States 
News Service 2019; TendersInfo News 2019).
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In the US, the drastic increases in elective preterm delivery has made up by a majority of 
non-Hispanic White women, and while through the period of the 1990s and beyond, rates of 
increase premature birth for African Americans slowed, tracking behind the national average 
increases, African Americans have retained a more than double likelihood (Rowland Hogue and 
Bremner 2005).
Comparisons of birth outcomes purely along racial lines are problematic, as well as an over 
simplified inference between income or healthcare disparities. For example, there are disparities if 
white populations of European nations are compared to whites in the United States, where 
incidence of child mortality is significantly higher, even when controlling for economic disparity and 
health care access (Bronstein 2016; Chapman 2009). Since the early 1970s, in the so-called 
Neoliberal period, wages in the US have consistently stagnated, while the rates of premature birth 
and maternal morbidity doubled. Women of color in the United States are also likelier to be reliant 
on Medicare (Harvey 2005; Lu 2018; March of Dimes 2018a). However, women of Hispanic descent
have lower rates of premature birth than even white women, in spite of economic disparities and the
failings of the US health system. 
Women who undergo non-medically indicated, elective premature induction were likelier to 
be privately insured and white, pointing to differences in obstetric care as an important factor in 
explaining racial differentiation in rates of premature birth (Bailit J, Grobman W, Zhao Y, Wapner J 
2015). 
It is evident that generationally compounded social deprivation and environmental factors 
do play a role in the racial disparities in the US, and very good research has been written in recent 
years focusing on stress factors and social networks in the African American communities (Dole et 
al. 2004; Donovan et al. 2016; Foureaux Koppensteiner and Manacorda 2016; Hao et al. 2016; 
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Rayment-Jones et al. 2017; Rowland Hogue and Bremner 2005; Siddique 2016; Women’s Health 
Weekly Editors 2001). But it is also evident that cultural and lifestyle failings in the US, such as 
obesity and domestic violence, often become amplified in at risk communities, a situation not easily 
solved by medical paradigms nor the political will of the moment (Bronstein 2016).
While statistical disparities in rates of birth outcomes show there is important work to be 
done for justice and equity in access and utilization of pregnancy care among especially African 
American communities in the United States, there is no genetic component particular to any race 
which has a negative or protective impact on predisposition toward adverse pregnancy outcomes. 
Race cannot be considered in a cause-and-effect way as a factor contributing directly to premature 
birth, and for this reason, is not considered specifically in this research which deals with only 
medical pathways and causal effects. While so-called medical racism or structural disinvestment in 
the medical resources in communities of color is a phenomena known to the researcher, the data of 
which medical centers or doctors provided medical care is a matter of medical privacy, and it would 
be well beyond the purview of this research to try to incorporate metrics of evaluation of quality of 
prenatal care providers, along with the inherent issues rating systems carry in tow.  
Literature Review Conclusions
In social medical research into adverse birth outcomes, stress, work, and prenatal care have 
each been considered individually, and characteristics of public transit systems have been analyzed 
for their potential for contributing to maternal stress and pregnancy risk. This research intends to 
place transit mobility among these other factors of consideration, as efficient mobility bears not only
on stress from utilization of transit and ease of commute if working through pregnancy, but also 
29
presents significant barriers to accessing health care and prenatal care. It is the intention of this 
paper to unify these tendencies into a single conceptual framework for looking at mismatch of 
transit mobility available in neighborhoods and birth outcomes in these same neighborhoods.
 Geographic analyses have focused on socio-demographic characteristics of neighborhoods 
and their role in adverse birth outcomes, the effects of gentrification on preterm birth specifically in 
New York City, and spatial mismatch in New York City between neighborhood transit mobility and 
access to employment, healthcare, and public services, but none have pursued the line of linking 
analysis of adverse birth outcomes directly to local transit mobility. It is the intention of this paper to
unify these tendencies into a single conceptual framework for looking at mismatch of transit 




This research was approved by the Institutional Review Board of the college of the author, 
and the author was certified for Human Subjects Research by the Collaborative Institutional 
Training Initiative Program.
Vital birth records from New York City Department of Health and Mental Hygiene were 
acquired for years 2014-2016. Data dissemination was approved by the Office of Data Use and 
Disclosure of the New York City Department of Health and Mental Hygiene, and per HIPA 
requirements and DOHMH policy, all records were stripped of personal identifiers. 
The commonly available   public summary datasets  are of limited utility. They contain many 
less variables than are collected and included in birth records. They consist of aggregated, year totals,
which doesn’t allow for precise cohort selection as do individual birth records. And the most 
specific geography available for place of residence is of zip code. For such high population density 
areas, this geographic granularity is too broad. 
Custom datasets were requested directly from DOHMH, to include individual entries for 
each birth in a three year period in the city, including nearly all information collected at the time of 
birth about the parents, pregnancy, and birth1. The additional special request was made for the 
addendum of maternal address to be anonymized to the more specific spatial unit of census tract of 
residence. 
1 File layout listing complete variables: (New York City Department of Health and Mental Hygiene 2009)
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The custom data sets acquired are exhaustive, whole-population datasets, containing over 
314,000 birth records, providing for nuance, large sample sizes, and strong inferences (New York 
City Department of Health and Mental Hygiene Bureau of Vital Statistics 2017).
US Census TIGER census tract and MTA transit infrastructure vector geographies were 
used for spatial analytics and visualization (Metropolitan Transportation Authority of New York 
City 2010b, 2010a, 2014b, 2014a; United States Census Bureau 2011, 2015).
Construction of the Transit Mobility Index
 
Background
Transit mobility is the quantification of the efficiency of motion about a city, utilizing public 
transit. Conceptually it includes accessibility, or the barriers to or ease of reaching a transit access 
point, and then speed of movement via the mode of transport. Essentially a combination of how 
readily transit is accessed and how efficient travel is, once accessed. 
Numerous studies and literature reviews were analyzed for their conceptual frameworks and 
methodologies regarding the quantification of transit service, efficiency, and accessibility 
(Blumenberg, Pierce, and Rutgers 2015; Foth, Manaugh, and El-Geneidy 2013; Gillis, Semanjski, and
Lauwers 2016; Mueller 2014; Saif, Zefreh, and Torok 2018; Siegel 2016; Wei et al. 2017; Welch 
2013). Several were studies from a social sciences perspective, quantifying transit service offered in a 
city to analyze accessibility for disadvantaged groups such as racial minorities and disabled persons 
(Blumenberg, Pierce, and Rutgers 2015; Foth, Manaugh, and El-Geneidy 2013; Mueller 2014; Welch 
2013). Wei, 2017 offered an alternate perspective, tracing analytic methodologies developed within 
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public transit planning for assessing service (Wei et al. 2017). Quantifying Transit Access In New York 
City, a master’s thesis completed in the Hunter College Geography Department by Maxwell Siegel, 
contains a detailed comparison of various indexing methodologies developed for use in varying 
urban contexts (Siegel 2016). Gillis, 2016 is also pertinent as a literature review outlining the 
sustainable mobility paradigm, in which this research is anchored (Gillis, Semanjski, and Lauwers 
2016).
The approach to indexing accessibility common among all the examples is to derive a 
numerical score for each to compare between census tracts or block groups. Common measures 
considered were: percentage of population within a given walking distance from bus stops or train 
stations, number of lines available immediately, proximity from major transfer hubs, service 
frequency at stops, availability of express service, travel time to essential services, travel time to a 
given distance, and public opinion of aspects of service from satisfaction surveys.
Previous research has shown that spatial representation and scale significantly impact 
assessment of transit access, and the most disaggregate areal unit is the most ideal (Wei et al. 2017). 
The most specific spatial granularity available from NYCDOHMH for vital birth data is for the 
maternal address to be given as census tract of residence, and to facilitate comparison, transit 
indexing would have to proceed also at the spatial scale of census tracts.
At issue in many of the transit scoring schemes is the near-infinite complexity of variables 
and possible schemes of scoring, weighing, and aggregating to distill down a single index score. In an
attempt to avoid these issues completely, the methodology decided upon was to sample efficiency of
travel in the local area by randomly creating simulated trips via public transit, querying these trips 
through a wayfinding API and, for each census tract, deriving an average speed score.
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Access to obstetric care close to home has shown to be highly associated with greater 
accessing of prenatal care, so the focus of this research is on local mobility (Tegegne et al. 2018). Of 
the 3.6 billion one-way rides taken per year on New York City’s public transit system per year, the 
average total distance per ride is 5.61 miles (Metropolitan Transportation Authority of New York 
City 2012). In deciding what constitutes the local, this system average was chosen for its significance 
as a conceptual line of division between the local and non-local. 
Transit Indexing Methodology
The purpose of the code is to index the efficiency of travel afforded each neighborhood by 
public transit options dense urban areas. The method is to create a set of random trips originating in
each geometric unit, with destinations in random directions and varying distances in the local area.
Indexing of the transit mobility for each census tract was tested the two different methods: 
create random trips all uniformly at the ‘typical’ average distance of 5.61mi, or to simulate a range of 
local trip distances. They produced similar results, both indicating the same neighborhoods with the 
worst index scores. The Index based on the average distance of 5.61 miles had a higher amount of 
uniformity and spatial homogeneity, and a greater Moran’s I score. The local transit index based on a
range of distances had a greater variety of values, with a higher standard deviation, but very similar 
distributions and values at each standard deviation. The biggest difference being with a varied set of 
distances with more values closer to the origin, there is much more differentiation in the shorter 
results, with averages ranging far below 30 minutes into the teens. 
The range of distances was ultimately used, as it hopefully not only better represents the 
local but is a more thorough sampling of space. Using the Truncated Normal function in the SciPy 
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Statistics library for Python 3, a regular distribution was created with its mean at 5.61 (Virtanen et al. 
2020). This distribution was then bisected, to leave only the interior half of the distribution with the 
local values, within 0.01-5.62 miles, from which trip distances will be sampled (Figure 1).
Inside of each census tract in the TIGER census geometries, random origin points were 
created, and for each origin point a destination point was created in a random direction, at a distance
selected at random from the interior half distribution. 
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If the destination point did not fall on land within the study area, it was thrown out. An example 
plot of a pattern of origin and destination points is provided (Figure 2), where it can be seen that 




After reviewing the relevant risks and associations generally for premature birth and low 
birthweight, and after review of conventions for parameters employed elsewhere, parameters were 
selected for inclusion or exclusion into the general cohort of consideration, and to exclude cases 
with other serious, known risk factors to guard from confounding influence.
Premature birth is defined as birth prior to completion of 37 weeks gestation, full-term as a 
birth carried to 37 or more, and low birthweight, full-term birth with a weight below 2500g 
(American Academy of Pediatrics 2007; Mayo Clinic 2018; World Health Organization 2018). A 
summary of statistics on values within the dataset on full-term, preterm, and preterm birth type is 
given as Table 1. And a summary of non-/indication for cases of induction of birth through medical
procedures is provided (Appendix 1).
 The age range selected for inclusion is 18-39 years of age, the range outside of which the 
risk of adverse birth outcomes significantly increases, based on the recommendations of two recent 
literature reviews concerned specifically with bounding ages for birth complication studies (Fuchs et 
al. 2018; Da Silva et al. 2003).  As well, cases of non-singleton pregnancy or congenital defects, and 
other physiological and lifestyle risk factors such as use of cigarettes, alcohol, or other drugs, and the
use of certain reproductive technologies.
Bacterial vaginosis is associated with preterm birth, but infections are rarely associated with 
late preterm birth (beyond 31 weeks gestation), so to maximize the meaning, the statistic given for 
infections among spontaneous preterm births is for those prior to completion of the 32nd week of 
gestation (Robert L. Goldenberg, Hauth, and Andrews 2000; Turovskiy, Sutyak Noll, and Chikindas 
2011). 
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Considerations for Other Variables in Birth Record Data
Specific to the questions to be considered are the variables quantifying maternal stress or  
infection and the use of prenatal care. Related specifically to stress, the data set is limited to 
hypertension and has binary variables for pre-pregnancy hypertension and gestational hypertension. 
Numerous infection types are included, but to consider infection during pregnancy broadly, the 
master 1/0 binary variable for any infections present during pregnancy is used.
Variables included in the vital birth datasets which relate to prenatal care are if prenatal care 
was received, number of prenatal care visits, interval into pregnancy of first prenatal care visit, and 
provider type. Both number of visits and date of initiation are continuous variables, and for certain 
statistics to be calculated, a boundary of decision will have to be decided upon to construct binary 
variables for logistic analysis.
Considering timing, literature reviews point to three months, or by the start of the second 
trimester as what is the critical point after which lack of prenatal care becomes much riskier (Perloff 
and Jaffee 1999). Kotelchuck’s Index of Adequacy of Initiation also indicates the end of the 3rd 
month as the decisive boundary between adequate and inadequate timing (Kotelchuck 1994). And 
initiation of prenatal care before / after the completion of the first trimester of pregnancy is used.
Regarding number of visits, The Technical Working Group of the World Health 
Organization arrived at the number of 4 care visits as a minimum that must be attended. This 
guideline was issued from this working group which set out to define a programme of the most 
minimal yet adequate prenatal care to be implemented in the most precarious and demanding 




The purpose of this research is to analyze whether local mobility as mediated by public 
transit has spatial correlations for premature birth or potentially several of its major risk factors: 
seeking and obtaining prenatal care, stress, and infection. The question being if worse local mobility 
is associated with worse outcomes in stress, infection, or attendance of less prenatal care visits and 
later initiation of prenatal care. Secondarily, to get a limited look at possible linkages between 
mobility, stress, and risk of infection as a discrete pathway to adverse birth outcomes. 
The first step is to analyze local mobility in New York City to create the index values for 
census tracts, implementing the methodology outlined in the section above.
Exploratory Data Analysis
The birth records are explored generally and analyzed for correlations in risk variables. A 
correlation matrix is constructed to test for independence in variables. Expectations on risk value 
and prevalence based on the literature are discussed, and the variables relevant to the research 
questions are probed for worthiness of consideration: number of prenatal care visits, date of 
initiation of prenatal care, infection during pregnancy, gestational hypertension. 
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After exploratory data analysis of birth records, the mobility index data is explored as an 
individual variable, and analyses are conducted comparing its performance alongside other proven 
risk factors in predictive Bayesian diagnostic testing. 
Then in premature birth rates, number of prenatal care visits, and date of initiation of 
prenatal care are explored for relationships with transit mobility. Then cohorts of mothers who 
suffered gestational hypertension and/or infection are selected, and tested for adverse response to 
the transit mobility variable.
Bayesian Methods
The vital birth records as a population level dataset provide a particularly good opportunity 
to use Bayesian methods, as with Bayesian methods, the robustness of priors are the single factor 
which makes a model distinguishable from the results of a regression analysis in frequentist statistics.
Our data set is supposedly exhaustive and whole. Because the local rates of each risk factor among 
the mothers are known, the equations for the predictive risk values be updated for local conditions. 
In Bayesian methodology, the 100% knowledge of a disease presents the most ideal conditions for 
extremely robust sampling to generate predictions for the effects of risk factors on a disease, which 
then can be tested for efficacy against a large and highly significant remainder body of the dataset 
left over after sampling, which should create predictions of both high significance and specificity. 
Logistic Bayesian conditional probability, as is commonly used in medical diagnostic testing, 
is employed (Held and Sabanés Bové 2014; Sharp King, Lengerich, and Bai 2018). Unsurprisingly, 
the literature is divided between ideal metrics, and rather than rely on a single measure, a number of 
39
measures are utilized which are commonly used: Positive and Negative Likelihood Ratios (LR+/-), 
Diagnostic Odds Ratio (DOR), and Positive and Negative Predictive Values.  
Positive and negative likelihood ratios express the increased/decreased risk of membership 
to a binary class, in our case premature birth or low birthweight. It relies on sensitivity and 
specificity which refer to respectively the rate of true or detected positives and rate of true negatives,
given:
(Sharp King, Lengerich, and Bai 2018)
The Diagnostic Odds Ratio is another common measure used for probability in evaluation 
of medical diagnostic tests. It has been proposed as a single-value alternative to LR+/-, PV+/-, etc. 
Instead of relying solely on measures of positive identification, sensitivity and specificity, DOR more
represents the whole of the outcomes, incorporating false positives and negatives:
Its primary limitation being it lacks the ability to show differences in identification between 
positive and negative cases, these bifurcated probability measures are noted for being hard to 
understand in tandem, and worse yet when attempting to compare them side by side with other 
binary probabilistic diagnostic metrics used for similar circumstances (Glas et al. 2003). 
The positive and negative predictive values signify respectively, the odds of a disease given a 
positive test, and the odds of not having a disease given a negative test. Sensitivity and specificity are
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used along with the prevalence of the disease in the population to derive values for the positive and 
negative predictive value using the formulae:
                                                            (Sharp King, Lengerich, and Bai 2013)
The majority of the variables in the dataset are binary, representing the presence or absence 
of risk factors. The transit mobility index is continuous, and will be tested to establish thresholds for
binary significance using the above discussed metrics for comparison.
The risk factors are tested for univariate significance using the discussed predictive value 
metrics in addition to Pearson Correlation Coefficient, and Gini values generated from an Extra 
Trees Classifier (McKinney 2010; Pedregosa et al. 2011). Then the same tests are run, but including 
mobility index variables signifying different decision thresholds for the mobility index.
From the response of these classifiers can be drawn a general understanding of the 
individual risk presented by the variables, specifically, the variables of interest. The general spatial 
patterning is explored for all the relevant variables.. At this point much of the geographic analysis 
and geographic inference can be drawn, which is explored in the spatial analysis section.
Assuming the risk variables are collected intentionally for their profound significances, in 
concert, again, given this is a population level dataset they should ostensibly combine to create about
as significant a model of risk possible.
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Exploratory Analysis of Mobility Index Values
After conducting exploratory univariate data analysis of the variables against premature birth
outcomes generally among individual cases, the potential associations between transit mobility and 
risk factor variables is tested, and compared for associations with adverse birth outcomes statistically
on the scale of census tract.
The census tracts are ranked by minute in the transit index, and the rates of each other risk 
factor are compared at the tract level, rates of: hypertension and infection. Cohorts of mothers who 
experienced hypertension, infection, both, and neither during pregnancy are compared for response 
across the range of values.
Spatial Methodology
With statistical associations within the dataset explored, the two causal pathways established, 
and the mobility index variable tested for explanatory value in these two contexts, the situational 
relationships can be explored. Cluster analysis is conducted using Local Bivariate Moran’s I using the
Hotspot Analysis plugin in QGIS, which is built from the PySAL package for Python.
Based on prior multivariate statistical analysis, bivariate cluster analysis is then conducted on 
any relationships supported statistically which may bear out as spatial patterning using Local 
Bivariate Moran’s. This is calculated the Hotspot Analysis plugin in QGIS, built from the PySAL 
package for Python (Oxoli et al. 2017; Rey and Anselin 2007). Local Bivariate Moran’s uses hotspots
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from one input vector as a basis and describes the clusters based on the values of neighbor cells in 
the other vector, thus reversing the order of inputs creates two different maps, as what is initially 
considered is based on the significant clusters from the first input. So for each comparison, two 
Local Bivariate Moran’s analyses are conducted and descriptively compared alongside Local Getis-
Ord Gi univariate cluster analysis.
Using these tools, the spatial portion of the questions of the research are tested, describing 
the potential influence of mobility on premature birth/low birthweight, and to what extent the 




The total number of records without missing values or other issues of data quality is 
(n=261,090).  Of these, 10.78% were either preterm, low birthweight, or both (n=27,577), with 
89.22% full term and normal birth weight (n=229,061).
Cases with missing or ‘unknown’ entries in any of the variables regarding risk factors, birth 
complications, morbidity, or birth outcomes were removed. Births with incorrect estimate of 
gestational age (clinical age <20 or >45 weeks) were removed, amounting to only n=67 births or 
0.021% (Huynh and Maroko 2014). Birth records with missing or ‘unknown’ entries for any of the 
most significant risk factors will need to be removed on a contextual basis, which in total, roughly 
57,000 records or 17% are missing at least one of the most significant variables. 
A summary by gestational length, birth weight, spontaneity, and method of delivery is 
included as a part of Appendix 1.
After removing records with erroneous or missing entries, the total is 260,291 births over a 
three-year period, or roughly 87,000 per year. A significant portion, 61%, of premature births are 
low birthweight, but this also indicates that 39% achieved healthy weight in spite of being deprived  
full gestation.
Exploring Significance in Risk Factors
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Beginning rough exploratory data analysis, a correlation matrix is created to test for 
independence in the variables and get an idea of the most correlated variables with negative 
outcomes (Appendix 2). No correlations between risk variables are particularly significant,  
importantly none central to this research, attesting to the precise design of this panel of risk factors 
to avoid dependence. Body mass index at conception was not included as part of the birth records 
but is a significant predictive factor and readily calculable from height and pre-pregnancy weight. 
Once calculated, BMI shows an expected correlation with hypertension.
Ranking each birth record naively by number of manifest risk factors, 80% of the 
total population has at least one risk factor. After filtering out both the most rare factors and the 
most common and least correlated (like smoking tobacco at least once during pregnancy), the 
prevalence of at least one factor was 59%. Within the cohort of premature/ LBW births, only 36% 
had two or more risk factors, 16% three or more, and 4% four or more. The risk factors clearly vary 
highly in significance and would need to be weighted to be compared along these lines. However, 
looking at premature rates among cohorts of increasing numbers of manifested risk factors, the 
selection of the risk factors appear well chosen, and the premature rate increases steadily with 
additional risk factors. Ranging from 1-5 factors, premature/LBW rates steadily increase: 11.5%, 
15.4%, 22.2%, 29.6%, & 36.2.
All 49 covariates included in the birth records are run as a multivariate regression to compare
risk factors’ correlations to premature birth, gestational length, and birthweight as the dependent 
variable.
After focusing the regression models to the most explanatory set of independent variables, 
each model is still fairly weak, but short lists emerge for the most variables with most significant 
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correlations, (Table 1). All three regressions have very poor r-squared values, even though optimally
calibrated.  
Table 1. Multi-Variate Regression, Most Significant Variables, Ranked
Weeks Gestation Birthweight Premature/LBW
Previous Preterm Birth Previous Preterm Birth <5 Prenatal Care Visits
<5 Prenatal Care Visits Hypertension Gestational Diabetes
Hypertension <5 Prenatal Care Visits Hypertension
Gestational Diabetes BMI Vaginal Bleeding
Late Prenatal Care Initiation Vaginal Bleeding
Given that this panel of 49 variables represents a nearly comprehensive collection of 
significant predictors of premature birth and low birthweight as represented in the literature 
reviewed, it appears that while consistent with expectations, the most significant predictive variables 
have overall highly limited correlations at their best. And, in subsequent multiple regressions 
attempting to focus on groupings of just the variables relevant to the two pathways prenatal care and
pro-inflammatory, the r-squared values were all very weak. However, when scored hierarchically by 
number of risk factors manifested from among the 5 most significant variables, the cohort with one 
risk factor had a premature/LBW rate of 18%, and with two or more, 28.8%. Linear correlation is 
not a predictive methodology, and this is situation illustrates the need in this context for an alternate 
methodology which is more descriptive of the predictive value of the covariates in this context.
As discussed in the methodology section, there are a variety of tests for predictive value. 
Once continuous variables such as BMI or number of prenatal care visits attended are classified into
binary groups at significant thresholds, they are compared logistically and ranked using the Bayesian 
diagnostic criteria +/- Predictive Value & Diagnostic Odds Ratio. For comparison, the covariates 
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were also ranked by an Extra Trees classifier, as well as a Pearson correlation coefficient using 
traditional logistic regression, for reference. The results of each is included as rankings (Appendix 3)
and a summary table (Table 2). 
PV+/- and DOR are alternate calculations attempting to accomplish the same task. PV+/- 
are dual measures interpreted together representing the sensitivity and specificity of using each 
variable as a diagnostic, predictive tool, while DOR attempts to wed the two PV equations into a 
single measure. Being shared between PV+/- indicates good rates of true positives and true 
negatives, while DOR implies both at once.
Table 2. Bayesian Predictive Values, Most Significant Variables, Ranked
Predictive Value + Predictive Value - Diagnostic Odds 
Ratio
Previous LBW Birth Any Infections Vaginal Bleeding
No Prenatal Care Conception BMI > 29 Previous LBW Birth
Any Infections Previous Premature Birth Prenatal Care Visits < 5
Conception BMI > 29 Gestational Diabetes Hypertension
Previous Premature Birth Pre-labor Reference for 
Complications
Gonorrhea
Gestational Diabetes Bacterial Vaginosis
Prenatal care is again very significant. The DOR ranked attending the minimum suggested 
prenatal care visits exceptionally high, while in Predictive Values, it also ranked highly, its score 
implying +/-15% odds of premature/LBW birth. No prenatal care is one of the most significant 
PV+, implying a double likelihood of premature birth. As well, the variables connected to a pro-
inflammatory pathway: hypertension, body mass index, infections were fairly well supported also by 
these metrics. Infections were extremely high in PV+/-, implying an 80% increased risk for positive,
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and incredibly a roughly 64% decreased odds of premature or LBW birth by avoiding infections 
during pregnancy. Hypertension is especially significant among all measures.
 In the birth records, attaining a minimum of prenatal care and timely initiation proved to be 
very significant, and the pro-inflammatory regime pathway is also highly supported. Attending less 
than 5 prenatal care visits is universally significant, and the late initiation of prenatal care (after 86 
days) is significant to both weeks gestation and birthweight.
Hypertension and bacterial vaginosis are universally significant. That body mass index, 
working while pregnant, and herpes are especially significant to birthweight is consistent with the 
model of the pro-inflammatory regime: stress hormones such as cortisol tends to promote 
inflammation and infection, but also inhibits fetal development, along with high blood pressure 
associated with hypertension.
The decision to consider premature birth and low birthweight as entangled facets of the 
same phenomena is justified within the data, as less than half of low birthweight births reached 
complete gestation and represent less than 2% of all total full term births but over 60% of preterm 
births. And the pro-inflammatory regime is associated strongest with lesser birthweight, while 
sharing common significant risk factors with premature birth.
The limited efficacy of current risk assessment metrics is illustrated in this data set, as 59% 
of pregnancies with one or more risk factors delivered full term at normal birthweight, and among 
the preterm and low birthweight births, 43% showed no risk factors (Iams et al. 2001; Johnston et 
al. 2001; M. S. Kramer 1987). After focusing on a panel of the five most significant factors to 
predicting premature birth specifically, versus factors correlated generally with lesser birthweight or 
weeks gestation, the premature rate of those with at least one of the factors is 18.6% and 28.8% for 
two or more factors.
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In spite of poor response in multivariate regression, if employed as part of timely screening 
for factors screening, it appeared statistically, these five variables would be extremely valuable for 
identifying populations at increased risk, which was further confirmed with Bayesian PV+/- and 
DOR. The pathways of prevention and screening through prenatal care visits, and on the pro-
inflammatory regime proved to be central to the issue of premature birth/LBW, as the key variables 
for each were consistently among the most significant. With the approach well supported within the 
data, the next two sections further explore the two pathways.
Screening / Prevention Pathway:
Prenatal Care, Work During Pregnancy
The measures for prenatal care included as part of the vital birth records is day into 
pregnancy of initiation of prenatal care and the number of prenatal care visits throughout. 
        Prenatal care's significance as a predictor of premature birth is illustrated in that mothers 
initiating prenatal care after the first trimester suffered premature contractions or underweight birth 
at a rate of 11%, while those mothers attending less than four prenatal care visits had rates of 21.4%.
Meaning, timely initiation of prenatal care can potentially halve risk of these adverse outcomes, and 
attending a minimum of four visits, a fourfold decrease. 
As continuous variables,  a threshold for classification into two groups is necessary to be 
compared logistically alongside nearly all of the other variables given as binaries. For number of 
prenatal care visits, per discussion in the literature review the threshold to be used is the WHO 
recommendation, 4 visits is adopted as the critical minimum. The threshold for date of initiation 
used is the common obstetric guideline that care be initiated before completion of the first trimester.
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Histograms of both continuous variables with indications of classification threshold are given (
Figure 3 & Figure 4).
       f The picture is positive for number of visits, with close to half attending 10-12 visits, and only
2.6% attending less than 4 visits.  However, 28.6% of the birth records list initiation of care after the
first trimester. Upon calculating the difference in premature rates above and below each of the 
thresholds, the date of initiation threshold of 86 days, the premature rates are almost identical. 
a
Figure 3. Prenatal Care Visits Per Pregnancy
But the threshold for number of visits is highly significant, with premature rates 11% higher 
rates among those attending less than five prenatal care visits. The thresholds were used to divide 
the records into two cohorts which were subjected to t-tests against the continuous variables of 
weeks gestation and birthweight. Number of care visits and date of initiation were significant to 
weeks gestation with scores of  t=45.23  p=0.0 & t=-2.772 p=0.0056, and with birthweight, number 
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of visits is very significant with t=42.983 p=0.0, but date of initiation, t=7.924 p=2.303 did not 
reject the null.
(threshold set at 86 days, or first trimester)
Figure 4. Date of Initiation of Prenatal Care
The importance of focusing on the approach of using thresholds to derive significance from 
these variables is underscored by scatter plot comparisons (Figure 5: number of prenatal visits and 
date of initiation with weeks gestation and birthweight as continuous variables,  which show almost 
no correlation in slope or Pearson’s r, suggesting at best a non-linear relationship. 
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Figure 5. Scatter Plots: Gestational Length & Birthweight Versus Number of
Prenatal Care Visits & Days Gestation After Initiation of Prenatal Care
However, averaging the premature/low birthweight rates below the range of values for 
number of prenatal care visits (Figure 6) and days of gestation after prenatal care initiation (Figure 
7), the curves are very clear. Attaining a minimum of prenatal visits and timely initiation of care are 
critical to managing rates of premature birth/low birthweight. From these two graphs, the 
thresholds of 11 visits and 42 days gestation under care were selected after which curves seem to 
plateau.
The thresholds were used to divide the records into two cohorts of values for prematurity/ 
LBW which were subjected to t-tests. Both were significant, with number of visits most critical: <11 
52
prenatal care visits, t=51.785 p=0.0 and <42 days gestation after initiation of prenatal care, t=15.607
p=6.930e-55.
In an attempt to make sure prenatal care amount and timing did not have a particular effect 
for gestational length or birthweight in particular as continuous variables versus the premature/LBW
binary, t-tests were run along these lines as well.  Number of care visits and days after initiation were
significant to weeks gestation with scores of t=45.23 p=0.0 & t=-2.772 p=0.0056, and with 
birthweight, number of visits is very significant with t=42.983 p=0.0, but date of initiation, t=7.924 
p=2.303 did not reject the null.
    Working while pregnant proved to be a potentially inhibitive factor to obtaining adequate 
and timely prenatal care. Birth records were divided into working/non-working cohorts, and t-tests 
were run between them showing significance for if they attended 
Figure 6. Rate Prematurity/Low Birthweight In Pregnancies Attending Less
Than Given Number Prenatal Care Visits
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Figure 7. Rate Prematurity/Low Birthweight In Pregnancies Less Than
Number Weeks Gestation After Initiation of Prenatal Care
11 prenatal visits and if they initiated care in time for 42 days gestation under care, respectively: t=-
42.65 p=0.0 and t=5.44 p=5.197e-08.
As continuous variables, number prenatal care visits and interval of initiation of care are not 
particularly significant, but once calibrated to critically significant thresholds, their reason for 
extensive consideration in the literature is apparent, as its significance is strongly supported. 
Attending 11 or more prenatal care visits is highly significant in t-tests for both gestational length 
and birthweight, and in raw correlation, the cohort attending the WHO recommended minimum of 
4 visits had a 7.5% decreased prevalence of premature birth/low birthweight, 10% longer gestation, 
and 7% more birthweight. This was also strongly confirmed in the previous analysis of Bayesian PV 
and DOR, where number of prenatal care visits is among the strongest predictive variables in 
PV+/-, but significantly highly predictive using the DOR equation, which is intended to wed 
positive and negative PV into one measure.
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Pro-Inflammatory Pathway: Hypertension & Infection
The pro-inflammatory pathway, reduced naively and limited to the variables at hand, is a 
process by which body mass index and environmental stress factors (potentially bad mobility, to be 
tested later) lead to hypertension. The stress hormones and high blood pressure associated with high
BMI and hypertension are associated with lower fetal weight through development. These 
symptoms also combine to promote inflammation and higher incidence of infection, both of which, 
along with low fetal weight, contribute significantly to premature birth. This is borne out statistically 
in the birth records.
In mothers with BMIs at or above the critical threshold of 29, hypertension is more than 
doubly prevalent (increasing from 5% to 11%). Generally, rates of infection showed subtle 
bifurcation between cohorts, as rates above the BMI threshold were only 0.8% higher. Bacterial 
vaginosis, in the literature, is the infection most associated with premature birth, but confusingly raw
rates of BV are lower in the cohort with very high BMIs. But when only the premature births are 
analyzed, above the BMI threshold had a 3% higher prevalence of BV. Birthweight was not 
generally responsive to BMI.
Hypertension is profoundly related to both premature birth and birth weight. Babies born to
women with gestational hypertension were on average 8.2 oz lighter, and the premature rate among 
them is an incredible 24.1%. It proved to be related to infection as well, as rates of infection among 
mothers with hypertension were 2.3% higher.
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Birth records positive for the indicator for any infections during pregnancy were 1% above 
the average premature birth rate, while those with no infection were 1% less likely than the average 
to have delivered prematurely. Average birth weight was unaffected.
Hypertension, work during pregnancy, vaginosis, and any infection during pregnancy are 
given as binary variables in the birth records. Cohorts +/- for these conditions were subjected to t 
tests for response in gestational length and birthweight. Hypertension is the most strongly correlated
of any single variable: to premature rates, 9.7%, and both gestational length, 10.4%, and birthweight,
8.7%. T-tests against weeks gestation and birthweight gave the respective scores: t=-56.709, p=0.0 &
t=-34.501, p=0.01.
Specific infection types were tested alongside an omnibus ‘any infections during pregnancy’ 
indicator. The omnibus variable is fairly significant: t=3.634 p=0.0003, but no individual infection 
types were strongly correlated with naive correlation or t-tests. The pro-inflammatory infections 
vaginosis and herpes are correlated somewhat with hypertension and BMI which was expected, but 
broadly speaking showed weak correlation to premature birth and weeks gestation or birthweight. 
This may be a reflection of the prevalence of these diseases overall in the population, and that alone,
they are mildly significant, but they potentially play a part in a much more significant pro-
inflammatory regime the outcome of which may be particularly significant. In births to mothers with
hypertension, infection during pregnancy increased premature birth / low birthweight prevalence by 
4.5%.
Body mass index has very little immediate apparent correlation with birthweight or 
gestational length, with bad results on scatterplots and density plots. However mothers to 
premature/lbw babies had on average 0.55 points higher BMI. Naive correlation shows BMI to be 
extremely significant in this context, with a 7% correlation to birthweight and 3% overall correlation
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with premature birth, the second highest of any single factor, next to gestational hypertension. 
However, hypertension is attributable in part to higher BMI and viewed generally the two are viewed
in a cause-and-effect relationship, and cannot be considered independent. Interestingly, BMI has as 
an apparent influence on both insufficient and late initiation of prenatal care with a 3% correlation 
in both, possibly suggesting that BMI as an indicator of physical mobility may inhibit attendance of 
prenatal care.
Working while pregnant was tested as a complicating factor for increases in negative 
outcomes, but was not significant in addition to any other risk factor. Among cohorts positive for 
either hypertension or any infections during pregnancy, premature rates among those who worked 
while pregnant are 0.3% higher for both. Which while a subtle influence, appears consistent, and 
work will be tested again briefly later.
Using regressions and traditional indicators of correlation, the pathway of the pro-
inflammatory regime is confirmed also to be highly significant in the context, with especially 
hypertension/BMI to be the most correlated. And while categorical infection nor specific types of 
infection individually were well correlated to premature birth/LBW, infection in addition to 
hypertension is even more highly correlated. The pathway is also strongly confirmed when the 
variables involved were tested for predictive value using Bayesian PV and DOR, where hypertension
was the most consistent strong predictive variable using both metrics, and indicators for infection 
also showed high predictive value.
Exploratory Tract Level Statistics
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Having analyzed statistical trends among the birth records, the analysis moves to analyzing 
spatial patterning, considering the risk factors of interest as rates at the census tract level. When 
calculating rates for variables, census tracts with less than 35 responses are removed, reflecting either
very low population or bad data collection. This results in different missing tracts across mappings, 
but adds a level of confidence when considering the significance of what outliers remain. Tracts with
between thirty-five and eighty birth records account for 31.6% of tracts and 12.8% of the total 
birthing population, which is far too significant a portion to ethically suppress in the opinion of the 
author.
As an initial test for spatial patterning, global Moran’s I tests were run on four variables of 
interest and others simply for reference. Scatter plots and reference distributions for each are 
attached (Appendix 4). And because they are all calculated using the same spatial weights, the 
Moran’s tests are readily comparable. Each variable tested was statistically significant, and not close 
to zero, meaning none are likely random patterns (each rejected the null), and each had some level of
clustering. Premature/LBW rate, scored the lowest of all, but still moderately autocorrelated at 
0.238, which is interestingly less clustered than both weeks gestation and birthweight at 0.323 and 
0.359. 
Tract rates of premature birth/low birthweight are summarized (Figure 8) and mapped 
(Figure 9):
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Figure 8. Probability Density of Premature Birth Rates by Census Tract
Rates of infection and hypertension show a similar distributions, with the bulk of the 
population tightly grouped in the low single digits, with the mass around roughly 4.5%-6.0%, and a 
thin elongated tails stretching towards higher rates. The histograms for adequate prenatal care visits 
and timely initiation of care are much closer to standard poisson curves, with initiation clustered 
more towards lower rates and a lengthier tail. None of the distributions of rates are monolithic, and 
each are fairly well distributed, confirming some amount of spatial heterogeneity.
In the Global Moran’s tests, rates of inadequate prenatal care, hypertension, 
infection, and bacterial vaginosis are all fairly clustered with values close to 0.50, and three variable 
rates are extremely clustered with values around 0.75: late initiation of prenatal care, worked while 
pregnant, and body mass index.
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Figure 9. Premature Birth / Low Birthweight Rates in
New York City by Census Tract
The rates for the four most significant risk factors: hypertension, infection, inadequate 
prenatal care, and late initiation of prenatal care are given (Figure 10-Figure 13).
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Figure 10. Tract Rates: Any Infections During Pregnancy
Figure 11. Tract Rates: Hypertension During Pregnancy
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Figure 12. Tract Rates: Attended <11 Prenatal Care Visits
no data is coded as 0. dataset is anonymized if tract population is below certain threshold to protect privacy 
Figure 13. Tract Rates: Initiated Prenatal Care After 1  st   Trimester 
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Overall, these results suggest both heterogeneity and clustering in premature birth as well as 
in the risk factor variables. They can now be analyzed further, comparing for correlation, co-
location, and clustering.
Exploratory Tract Level Statistics: Multivariate
 For six variables, inadequate and late prenatal care, hypertension, any infections, bacterial 
vaginosis, & worked during pregnancy, the consequent increase or decrease for being in a census 
tract with an above average rate was calculated in preterm birth/LBW, weeks gestation, and 
birthweight, included as column 3 of Table 3. With these base variances calculated, the cohort is 
further selected for census tracts worse than the average for an additional risk factor, and the 
consequent increases/decreases are summarized in columns 4-9 of Table 3. And same was done at 
the threshold of rates worse than 62.5% of census tracts (Table 4).
Table 3. Increases in Preterm Birth Rate, Weeks Gestation, &ppl Birthweight
Given Worse Than Average Rate in Single Factor, and Increases in Preterm
Birth Rate with Worse Than Average Rate in Additional Factor

































+1.29% +0.43% +0.62% +0.32% 0.0 +0.5% +0.09%
Wks 
Gest
-0.12 -0.03 -0.03 -0.03 0.0 -0.04 -0.02
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+1.18% +0.54% +0.47% +0.2% -0.14% +0.49% +0.3%
Wks 
Gest
-0.1 -0.05 -0.03 -0.02 +0.02 -0.03 -0.03





+1.01% +0.9% +0.64% +0.38% -0.63% -0.04% +0.3%
Wks 
Gest
-0.08 -0.07 -0.05 -0.03 +0.05 +0.01 -0.04






+0.38% +1.23% +1.0% +1.01% -0.64% +0.08% +0.63%
Wks 
Gest
-0.05 -0.1 -0.07 -0.06 +0.06 +0.03 -0.07




-0.47% +1.76% +1.51% +0.85% +0.21% -0.23% +0.43%
Wks 
Gest
+0.04 -0.16 -0.12 -0.07 -0.03 +0.06 -0.07
BWGT +13.13g -34.01g -32.25g -15.38g -6.57g +12.81g -7.72g





-0.19% +1.98% +1.86% +1.16% +0.65% -0.51% +0.52%
Wks 
Gest
+0.04 -0.2 -0.17 -0.11 -0.06 +0.06 -0.07





+0.32% +1.06% +1.16% +0.99% +0.69% -0.36 +0.01%
Wks 
Gest
-0.04 -0.1 -0.09 -0.08 -0.08 0.01 0.01
BWGT -2.41g -23.86g -27.44g -19.19g -18.69g +7.82g 4.66g
Table 4. Increases in Preterm Birth Rate, Weeks Gestation, & Birthweight
Given Worse Rate Than 62.5% of Tracts in Single Factor, and Increases in 
Preterm Birth Rate with Worse Rate Than 62.5% in Additional Factor
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+1.78% +0.74% +0.84% +0.4% -0.65% +0.46% -0.01%
Wks 
Gest
-0.15 -0.05 -0.06 -0.04 +0.04 -0.02 -0.02





+1.53% +0.99% +0.39% +0.15% -0.59% +0.21% +0.21%
Wks 
Gest
-0.12 -0.08 -0.02 -0.02 +0.05 0.0 -0.03





+1.4% +1.22% +0.52% +0.29% -0.74% -0.09% +0.03%
Wks 
Gest
-0.11 -0.1 -0.03 -0.03 +0.04 +0.02 -0.01






+0.44% +1.74% +1.24% +1.25% -0.91% -0.26% +0.64%
Wks 
Gest
-0.06 -0.13 -0.08 -0.08 +0.08 +0.1 -0.07




-0.89% +2.02% +1.83% +1.55% +0.42% -0.28% +0.25%
Wks 
Gest
+0.06 -0.17 -0.13 -0.13 -0.04 +0.11 -0.06
BWGT 20.67g -40.87g -39.32g -27.58g -7.62g +18.65g -9.39g





-0.49% +2.73% +2.23% +1.8% +0.67% -0.68% +0.43%
Wks 
Gest
+0.08 -0.25 -0.2 -0.17 -0.04 +0.09 -0.07





+0.21% +1.56% +1.53% +1.22% +0.87% -0.85% -0.27%
Wks 
Gest
-0.04 -0.13 -0.11 -0.08 -0.09 +0.04 +0.05
BWGT -0.72g -34.43g -38.07g -25.98g -22.36g +12.0g +15.87g
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       Overall both tables have very similar patterns of responses, but larger magnitudes using 62.5% 
as the threshold. Consistent with the conclusions of WHO, attendance of 4 or less prenatal care 
visits proved to be the most potent single variable as well as most potent variable in addition to any 
other, but timing also proved very significant (World Health Organization 1997). Hypertension was 
the single most correlated medical risk factor, and very well correlated. Working while pregnant 
statistically seemed to have an inverse relationship, which could be related to employment-based 
insurance or responsibilities from which one cannot take a leave of absence such as caring for young
children or elderly relatives who cannot be left alone. There is also the possibility of low data quality.
While only 219 of the birth records had no data for work, it is a self-reported variable and highly 
non-specific as it indicates only if the mother worked any amount, a cohort which contains drastic 
variability.
Transit Mobility
The transit mobility index construction methodology was implemented and the index values 
calculated. A histogram and map of the resultant values are given (Figure 14 & Figure 15). The 
resultant index produced a regular distribution roughly from averages 7-17 minutes per mile of 
transit. So the most common trip taken on MTA of 5.23 miles, on average requires 59.88 minutes, 
or a citywide average travel speed of 11.45 miles/hour via public transit. Ascribing each birth record 
a mobility score based on census tract of residence, the citywide mean mobility among birthing 
mothers was a very similar, 11.28 miles/hour. The tight matching of the population average with the
average among tracts is consistent with the classless ubiquity of reproduction and the great 
population density in New York City. 
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Figure 14. Probability Density Histogram,
Local Transit Mobility Index Values for Census Tracts
The indexing produced a range of values with a regular distribution. The minimal tail 
towards zero appears not to be erroneous outliers but represents a small subset of census tracts with
exceptionally high, scalable, omnidirectional mobility, such as census tracts containing important 
train hubs. The tail towards the max value of 20.25 minutes appears, likewise, not to be a series of 
erroneous outliers, but their locations appear to be expression of geographic distance decay in the 
most isolated and underserved areas from transit access points. From this indexing the worst ranked
neighborhoods by transit mobility are identified (Table 5).
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Figure 15. Mobility via Public Transit in New York City, 2019 
       
      Multivariate OLS regressions on the tract rates were conducted, and the results are even worse 
than those conducted on the birth records regardless of space. Mobility tested on a univariate basis 
had almost zero correlation, and as an addition among the variables in the two pathways being 
investigated, there was likewise little correlation. As constructed
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Table 5. Worst Mobility Neighborhoods of New York City by Borough
Neighborhoods whose tracts ranked among the worst 5%, or score of >83min
       
Brooklyn Queens Bronx
Plum Beach/Gerrittsen Beach Glendale Throgs Neck/Edgewater Park
Mill Island/Mill Basin Middle Village Soundview/Castle Hill/





Manhattan Beach College Point Spuyten Duyvil
Coney Island/Sea Gate Beechurst Marble Hill






   
and summarized at the level of census tract, mobility does not show a citywide pattern of direct  
correlation with premature birth / low birthweight. And neither does it improve explanatory power 
citywide when considered as a factor alongside prenatal care and the pro-inflammatory factors. 
However, these risk factors need to be handled contextually, and in the context of premature birth, 
none of the risk factors are especially well correlated (none explain over single digit variability), so 
the expectations from OLS were limited from the start. OLS is intended for data that has 
independence in the variables, and many involved in this context are highly interrelated, which was 
the premise for the inclusion of some Bayesian methods. As well, OLS is for estimations from 
samples in an attempt to predict and extrapolate from out of a highly incomplete knowledge, while 
this data we have is complete, estimations are unnecessary and the correlations between the variables
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are known, making OLS not a good indication of the data to begin with as it is by design unsuited 
for the task.
The mobility index is tested at several decision thresholds in logistic fashion with the same 
series of tests of Bayesian predictive value as conducted on the risk factors previously, simply adding
mobility to see how well it ranks. The results of these tests, ranked into top 25 most decisive 
predictive factors. Graphs of PV+/  are given (‐ Figure 16 & Figure 17) and graphs of rankings of 
the full set of tests are included (Appendix 5).
When ranked using Bayesian significance equations, mobility index is consistently 
significant, consistently performing well alongside the other factors. Bayesian predictive value +/- 
favored infection, predicting that avoiding infections during pregnancy may decrease the odds of 
premature delivery by as much as 70%. In the direct correlations in the data and using the Bayesian 
equations to rank it alongside the known risk variables, mobility appears to be a well-correlated and 
significant variable worthy of consideration. The global Moran’s test of i=68 & z=44 confirmed 
what can plainly be seen in the map of mobility: a community very divided in New York City by 
mobility, and a spatial phenomena which is very clustered.               
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Figure 16. Most Predictive Single Factors, Bayesian Negative Predictive Value
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Figure 17. Most Predictive Single Factors, Bayesian Positive Predictive Value
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Spatial Analysis: Premature Birth & Transit Mobility
On visual inspection, the map of mobility shows a fairly smooth distance decay pattern with 
extreme values grading into middling values, while the premature birth map is much messier and has
much less even spatial gradation. But both look fairly clustered, which was confirmed with Moran’s I
tests.
As a scatter plot (Figure 18), rates of premature birth/low birthweight and transit mobility 
do not appear particularly correlated at the scale of census tract averages. However, if averaged at 
every tenth of a minute (Figure 19), there is a clear upward slope.
Figure 18. Scatter Plot: Premature Birth Rates, Census Tracts by Mobility
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Figure 19. Mean Premature/LBW Rate in Tracts by Mobility
Figure 20. Differential  in Premature/LBW Rate in Tracts Above/Below
Mobility Threshold
74
A slope of 0.36 is a good correlation, though this is not a very precise measure. Treating 
mobility values as thresholds for classification into two classes, the response is given (Figure 20),
         There is a very noticeable runaway divergence of premature rates after about the 14 minute 
mark. This curve in differentials with increased rates towards the tails would seem to indicate that in 
addition to correlation, possibly some expected bivariate clustering.
Figure 21. Local Getis-Ord Clusters: Transit Mobility
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Two Local Bivariate Moran’s analyses were conducted, emphasizing the clusters inherent in 
each variable, and to better understand the initial patterning, Local Getis-Ord Gi cluster analyses are 
paired with each analysis for comparison.
Mobility is analyzed first. The patterning of the Local Getis-Ord analysis for mobility 
(Figure 21) is fairly apparent from the quantile mapping of values in Figure 15. The best mobility 
Figure 22. Transit Mobility Hotspot Analysis: Premature Birth
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concentrated in much of Manhattan and the areas immediately adjacent, as well as in Jamaica, 
Queens, and the worst values are clustered about the fringes of the outer boroughs.
 The Bivariate Local Moran’s hotspot analysis (Figure 22) confirms a high amount of 
correlated bivariate clustering of rates premature birth/low birthweight in the presence of mobility 
hotspots. Isolated enclave communities with lower mobility tended to have higher premature birth: 
such as Gravesend & Coney Island and Canarsie in Brooklyn; College Point, Beechhurst/Bay 
Terrace, and Rosedale/Springfield Gardens in Queens; and Eastchester, Throggs Neck, and Hunts 
Point in the Bronx. A good portion of significant tracts did not follow this pattern, with many tracts 
in Manhattan with good mobility but a high rate of prematurity/LBW. Likewise, much of the low 
mobility clustering does not reflect mutual clustering of premature birth/LBW, however, the overall 
Low-Low & High-High pattern is fairly consistent.
Premature birth Local Getis-Ord clustering is given (Figure 23). The Brooklyn 
neighborhoods of Brownsville, New Lots, Canarsie, Flatbush, and Coney Island were all significant 
hotspots; in Queens: Queens Village/Cambria Heights, and Woodhaven/Ozone Park; and in the 
Bronx: Riverdale, Edgewater Park, Olinville, and Schuylerville. Although in Manhattan, Washington 
Heights and East Harlem are both hotspots in spite of fairly good transit mobility. And while much 
of the clustering of high prematurity/LBW rates does appear to be fairly isolated from areas with 
high transit, there are cold spots also which are fairly remote such as Brighton Beach, Marine Park, 
and Borough Park in Brooklyn and Bellaire/Glen Oaks in Queens.
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Figure 23. Local Getis-Ord Clusters, Rates of Premature Birth/
 Low Birthweight in New York City
The bivariate analysis with mobility (Figure 24) confirms that for the premature/low 
birthweight clusters, there is a significant amount of co-clustering with bad mobility values. 
Interestingly the bivariate coldspot correlations are all limited to spots of one or two tracts, with the 
exception Flushing in Queens.
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Figure 24. Premature Birth/Low Birthweight Hotspot Analysis:
Transit Mobility
Both analyses confirm significant bad-bad clustering, with high rates of prematurity/low 
birthweight and high minutes/mile mobility being the focus of the prematurity cluster analysis. And 
while the mobility cluster analysis showed a very broad pattern of correlation, it also had a noticeable
amount of mismatches. As Figure 21 shows, significant hotspots for premature birth/LBW are 
fairly sparse in the city, so while Figure 22 looks overall like a decent trend, this must be balanced 
79
Minutes/5.61 Miles
against the much more conservative picture of the second analysis which is more descriptive of the 
pattern of premature birth in the city. Figure 24 also shows a clear, sparse set of High-High clusters,
many of which if one were familiar with the city itself are fairly socially isolated communities.
This outcome confirms the primary question of this research: that there is significant 
statistical and spatial correlation between transit mobility and rates of prematurity/low birthweight. 
But this conclusion is it also appears very neighborhood specific, and there are plenty of exceptions. 
With this general spatial pattern of correlation established, the two causal pathways to premature 
birth of interest are analyzed to possibly parse out if either of these pathways have explanatory value 
to add to the understanding of these trends.
Spatial Analysis: Premature Birth & the Pro-Inflammatory Pathway
The pro-inflammatory pathway, reduced naively and limited to the variables at hand, is a 
process by which body mass index and environmental stress factors (potentially bad mobility, to be 
tested later) lead to hypertension. These then combine to promote inflammation, leading to 
increased risk of infection. Stress hormones and high blood pressure have a direct correlation with 
lower fetal weight throughout pregnancy. Infections and lower fetal weight both are thought to 
increase risk for premature birth, as well as hypertension itself, as spontaneous labor is thought to be
an evolutionary stress response.
As a basis for understanding of hypertension and infection, BMI is analyzed first, compared 
for local clustering against existing clustering in premature birth/LBW rates (Figure 25). When 
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compared with Figure 24 which shows patchy correlations for mobility to premature birth/LBW 
and maybe half of the tracts show mismatched correlations, Figure 25 is a much more conclusive 
Figure 25. Premature Birth/Low Birthweight Hotspot Analysis:
Mean Body Mass Index
result, with a very high rate of High-High and Low-Low matching. So it appears that although 
statistically BMI averages did not show particularly strong correlations across the board, when 
comparing the exceptionally high and low values, there is very strong geographic correlation with 
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BMI in areas of very high/low prematurity or birthweight. The inference here can be made that in a 
good portion of the concentrated areas of high premature birth/LBW which have higher obesity are
suffering from the spatial mismatch of being underserved by public transit as well, as is illustrated 
comparing Figure 24 & Figure 25.
Figure 26. Local Getis-Ord Clusters, Rates of Gestational
Hypertension in New York City
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In the birth records as a whole, body mass index is extremely associated with hypertension 
and mildly with infection. Hypertension is associated with 2.3% higher rates of any infection during 
pregnancy. Infection had a good correlation with premature birth, with premature rates 2% higher. 
And hypertension has a profound influence, with 24.1% premature rate and 8.2oz lower birthweight.
Local Getis-Ord Gi cluster analysis for gestational hypertension is given as a map (Figure 26).
When compared, Figure 25 & 26 show fairly similar patterns and polarities of clustering, 
but also significant exceptions.  The Bronx, is one large hypertension hotspot in Figure 26, but in 
Figure 25 the clustering of preterm birth/LBW is sparse, evenly spread clusters of a few tracts. 
Likewise while much of central and eastern Brooklyn consists of several well-correlated clusters, 
these areas are almost entirely absent of significance for Figure 26. The correlations of hypertension
with clusters of prematurity/low birthweight are mapped as Figure 27, showing that for much of 
the high premature/lbw clustering in Brooklyn and Queens, high hypertension is co-clustered but to
a more limited extent, whereas the low-low coldspots are a very good match.
        Hypertension was the most predictive single risk factor, with a 25% higher prevalence of 
premature birth, and this appears fairly well geographically correlated as well. The diagnostic 
relationship is reflected geographically: those with low hypertension had much lower prevalence of 
premature birth, while as a positive predictor, it stands as only a single factor with fairly limited
 explanatory power. This was also consistent with expectations established earlier in Figure 16 &
Figure 17 calculating the Bayesian positive and negative predictive values: the positive predictive
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Figure 27. Premature Birth/Low Birthweight Hotspot Analysis:
Gestational Hypertension
 value of hypertension for premature birth is limited, with a score (intended to correspond to 
percentage odds) around 0.10, but the negative predictive value of a pregnancy negative for 
hypertension was 0.90.
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The risk factor of hypertension in particular has the influence of lowering birthweight and
fetal weight throughout development through two mechanisms: high trans-placental blood pressure
and stress hormones in blood passed to fetus. In this context, hypertension was analyzed again, but
for mutual clustering of high/low average birthweight per census tract (Figure 28),  which shows
Figure 28. Gestational Hypertension Hotspot Analysis: Mean Birthweight
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very good correlation of birthweight in hotspots of gestational hypertension. It is clear that where 
hypertension is low or high, this has a strong influence in pushing birthweights in the opposite 
direction.
And these same hypertension hotspots are analyzed for local correlations with mobility in 
Figure 29. Gestational Hypertension Hotspot Analysis:
Transit Mobility
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(Figure 29). The hotspots correspond very well. In the Bronx and Queens, almost exactly, and in 
south Brooklyn, a more sparse pattern where mobility was high but hypertension rates were high 
also.
And mobility hotspots are analyzed for clustering with rates of gestational hypertension 
(Figure 30). In general, in areas of best transit mobility, ie Manhattan & Downtown Brooklyn, there
is a conspicuous pattern of low rates of hypertension. The correlations in the Bronx are very strong, 
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Figure 30. Transit Mobility Hotspot Analysis: Gestational Hypertension
and although the patterning for high rates of hypertension to worst mobility is meager elsewhere, 
there is a clear enough pattern of small 1-3 tract sized communities which are remote and isolated, 
have high rates of hypertension, and are also underserved by public transit. From the perspective 
that in the negative, excellent mobility would seem to provide a protective against hypertension, the 
connectivity of mobility to premature birth through the pro-inflammatory causal pathway.
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Figure 31. Rate Any Infections During Pregnancy Hotspot 
Analysis: Mean Birthweight
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        The indicator for infection provided in the birth records was merely an indication of any 
infections during pregnancy. With such a broad criteria, predictably infection was minimally 
correlated with neither gestational time nor birthweight. But when comparing the hotspots for 
infection and analyzing their local correlations with birthweight (Figure 31).
, there were some interesting hot and cold spots.
Figure 32. Transit Mobility Hotspot Analysis: 
Rate Any Infections During Pregnancy
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Figure 33. Rate Any Infections During Pregnancy Hotspot Analysis:
Transit Mobility
And with correlations between birthweight and infection established, spatial correlation 
analyses between rates of infection and mobility are conducted, first mapping where hotspots of 
infection correspond to the patterning of high/low mobility in Figure 32, and inversely, where 
infection hotspots have corresponding low/high values in Figure 33.
In comparing the pattern of hotspots in mobility to those in rates of infection, Figure 32, a 
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pattern emerged very similar to Figure 29, comparing hypertension against mobility hotspots. This 
could be expected as they were very statistically correlated and represent sequential links in the same 
pro-inflammatory causal chain. Although there are some fine differences, such as Bensonhurst in 
Brooklyn having a cluster in the bivariate analysis with mobility where with hypertension this was a 
mismatch.
Taken together, Figure 29 and Figure 32 illustrate a consistent and significant pattern 
between the risk factors of infection and hypertension and communities underserved by public 
transit. The high-high patterns between them vary subtly but are very similar, and as sequential links 
in a causal chain, they illustrate overlapping pieces of interrelated processes. A significant number of 
communities isolated by lesser mobility show a pattern of suffering from higher rates of infection 
and hypertension. Figure 33, as well, illustrates a consistent corresponding pattern of high-low 
mobility in hot and cold spots of infection during pregnancy.
Hypertension and infection in both demonstrate spatial correlation and clustering with 
premature birth, and infection especially well with birthweight. And many of the communities most 
affected by high rates of hypertension and infection are underserved by public transit in New York 
City. While the direct hotspot correspondences between mobility and rates of prematurity/LBW in 
Figure 24 are not well explained by the particular patterning of hot a cold spots of hypertension and
infection, mobility has been shown to impact two of the most well correlated risk factors for 
premature birth in the pro-inflammatory regime.
Two summary maps (Figure 34 & Figure 35) illustrate the hotspots for hypertension and 
infection and reveal hierarchies of intersecting hotspots for prematurity/birthweight and mobility.
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Figure 34. Hypertension Analysis: Quad-variate Hotspot Hierarchal Summary
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Figure 35. Infection Analysis: Quad-variate Hotspot Hierarchal Summary
Spatial Analysis: Premature Birth & Prenatal Care
Prenatal care functions as a monitoring mechanism through which high-risk pregnancies can
be systematically identified and targeted for a wide range of interventions ostensibly minimizing risk 
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of premature birth and low birthweight. As illustrated in Figure 6 & Figure 7, attaining some 
minimum of prenatal care does correspond to a lower prevalence of premature birth. After 
observing these trends, thresholds were chosen to represent sufficient visits (11) and timely initiation
of care (86 days) which minimize risk, and rates were calculated at the census tract level.
Rates of falling below these thresholds at the tract level are summarized as scatter plots of 
correlation with tract rates of premature birth/LBW and transit mobility (Figure 36).
Correlation can be seen in all four plots, suggesting some overall correlation between prenatal care 
use and premature birth as well as mobility. While the correlations are fairly weak, it was already 
established in Figure 16 & Figure 17 that attending an adequate number of visits is a very strong 
positive and negative predictive factor for premature birth/LBW, and in Table 3 & Table 4, 
attaining a minimum of prenatal care and proper timing are the two factors associated with the both 
 
Figure 36.Scatterplots: Rates Adequate & Timely Prenatal Care
x Rate Premature Birth/LBW and Transit Mobility
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Figure 37. Rate of Attendance of <11 Prenatal Care Visits
Among Tracts with Worse Than Given Mobility
Figure 38. Late Initiation Prenatal Care Visits
Among Tracts with Worse Than Given Mobility
96
the highest increased prevalences of premature birth/LBW and highest increases in combination 
with other factors. As further exploration, averages for inadequate and untimely initiation of prenatal
care for birth records are plotted (Figure 37 & Figure 38). Across the range of mobility values, and 
both prenatal care measures are clearly responsive to worsening transit mobility.
        Local Bivariate Moran analyses were conducted on local correspondences of premature 
birth/LBW to hotspots for adequate and timely prenatal (Figure 39 & Figure 40). Both have very 
consistent patterns of correlation, with the Flushing, Queens area the sole major exception in 
Figure 39. The East Flatbush-Brownsville-East New York corridor in Brooklyn and the vicinity of 
Jamaica-Woodhaven-Ozone Park in Queens are clear hotspots as well as a pattern dispersed over 
nearly all of the Bronx. Coldspots were also similar between the two, with east and west of Central 
Park and downtown Manhattan, as well as downtown and eastern Brooklyn the most prominent.
The phenomena of premature birth/low birthweight appears not only to be profoundly 
responsive statistically, but is also very geographically correlated with proper utilization of prenatal 
care. Correlations in both hot and cold spots are indicative of the effectiveness of prenatal care as a 
process for screening and targeting of interventions. But keeping in mind ‘good’ rates for census 
tracts in New York City are 6% or more, its limitations are also plain to see. From these two 
analyses it is fairly conclusive that an adequate amount and timeliness of care are intimately 
geographically related to the manifested outcome of premature birth and low birthweight.
With spatial correlations between premature birth/LBW and the prenatal care indicators 
established, the analysis moves to investigate potential linkages to transit mobility.
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Figure 39. Rate <11 Prenatal Care Visits Hotspot Analysis:
Premature Birth / Low Birthweight
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Figure 40. Rate Initiation of Prenatal Care After First Trimester Analysis:
Premature Birth / Low Birthweight
The spatial correlations between premature birth/LBW and transit mobility were established
previously, and the scatterplots in Figure 36 were supportive of correlations. First, to establish local 
correlations of transit mobility for hotspots of inadequate and late initiation of prenatal care, Local 
Bivariate Moran analyses were conducted (Figures 41 & Figure 42). 
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Figure 41. Rate <11 Prenatal Care Visits Hotspot Analysis:
Transit Mobility
Transit mobility has very significant correlations with hotspots of both of the prenatal care 
indicators, with correlations in the same hotspots noted for correlations with prematurity/LBW: 
East Flatbush-East New York in Brooklyn, and Jamaica-Ozone Park in Queens. The coldspots in 
Manhattan and downtown Brooklyn are perfectly matched.
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Figure 42. Rate Initiation of Prenatal Care After First Trimester Analysis: 
Transit Mobility
Second, to more deeply analyze the relationships to transit mobility, Local Bivariate Moran 
analysis was conducted mapping local correlations of prenatal care use to transit mobility hotspots 
(Figure 43 & Figure 44).
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Figure 43. Transit Mobility Hotspot Analysis:
Rate <11 Prenatal Care Visits
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Figure 44. Transit Mobility Hotspot Analysis:
 Rate Initiation of Prenatal Care After First Trimester
This second set of analyses illustrates most dramatically the pattern of correlations and 
correspondence and confirms. With one or two exceptions the pattern overall appears conclusive 
that nearly all of the most isolated communities geographically, underserved by public transit are the 
same communities which struggle with attaining timely and sufficient prenatal care. These same 
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communities are suffering higher incidence of premature birth and low birthweight, it appears, as a 
consequence of limited utilization of prenatal care.
With the relationship between mobility and accessing a certain minimum explored, rates of 
pregnancies that received no prenatal care are explored. Scatter plots of premature/LBW rate and 
transit mobility with rates of no prenatal care are given (Figure 45). True zeroes were excluded, but 
the slopes are biased by the large number of fractional values near zero, but there did not appear to 
be any correlation in the patterning even when ignoring the values below 1%. 
Figure 45. Mean Prematurity Rate Among Census Tracts at Given Mobility
However, Local Bivariate Moran analysis of rates of no prenatal care as it correlates with 
hotspots of mobility (Figure 46) shows a very strong pattern of High-High, significance, with very 
limited coldspot correlation.
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Figure 46. Transit Mobility Analysis: Rates of Receipt of No Prenatal Care
With this established, working while pregnant is investigated in this context. As noted 
previously, on page 51, in t-tests working while pregnant looked like a fairly interesting complicating 
factor for accessing prenatal care. Tables 3 & Table 4 showed overall that more or less that 
working while pregnant instead offered an overall protective effect against premature birth, but in 
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combination with the prenatal care measures, working while pregnant appeared to be a potentially 
complicating factor.
To explore connectivity between mobility, working while pregnant, and accessing prenatal 
care, birth records were split into cohorts that worked or did not work during pregnancy and 
analyzed in parallel. Response of premature/LBW rates to transit mobility scores is graphed for 
working and non-working cohorts (Figure 47).
      Mothers who worked during pregnancy across all levels of transit mobility suffered less 
prevalence of premature birth than those who didn’t work, and the difference becomes geometric 
after about 14 min/mi, where it appears working while pregnant becomes highly decisive in actually 
lowering rates of premature birth. It must also be considered that the mass of the census tracts, 75%
Figure 47. Mean Prematurity Rate Among Census Tracts at Given Mobility
106
Figure 48. Mean Prematurity Rate Among Census Tracts at Given Mobility
or more have transit mobility values between 7-13, as illustrated in Figure 48, so that premature 
rates and mobility are very similar between cohorts for the vast majority of census tracts. 
The variances of prevalence of premature birth presented in Table 3 were based on the 
tracts being above average in rate for each of the risk factors considered. Regarding the number of 
working while pregnant, the base variance for those tracts above average was a net reduction in 
premature birth rates, and in census tracts above average in inadequate prenatal visits or late 
initiation of care, the variances reflected a strong increase of about 1% of the premature birth rate. 
In the same above average tracts for the each of the prenatal care measures, if the tract was also 
above average in either inadequate number of prenatal visits or late initiation of care, there was an 
almost doubling of the variance to close to a 2% increase in premature birth. These variances are not
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explained by variances in mobility, as Figures 47 & Figures 48 did not show significant differences 
between cohorts of those mothers who worked versus did not work in their access to mobility.
In an attempt to better understand the synergy of prenatal care and working while pregnant 
to mutually reinforce into higher premature prevalence, histograms of both of the prenatal care 
measures are provided (Figure 49 & Figure 50). These figures are divided by cohort between 
working and non-working and summarize premature/LBW rates, including only above average 
tracts as to reflect the methodology present in Table 3.
The distributions are very, very similar. The high tail for the non-working cohort of rates of 
late initiation of prenatal care was lengthier but made up of very few numbers of census tracts.  
While work does produce this significant bifurcation in rates, the diversity of women in class, 
mobility access, etc present in each cohort makes comparing them and drawing conclusions elusive. 
There does not seem to be any differences which would explain the increases in variance due to 
Figure 49. Prematurity/LBW Rates Among Census Tracts Above Average for
Attendance <11 Prenatal Care Visits
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Figure 50. Prematurity/LBW Rates Among Census Tracts Above Average for
Late Initiation of Prenatal Care
working while pregnant seen in Table 3 & Table 4, other than sheer greater magnitude of mothers 
who worked in tracts above average for lesser and untimely use of prenatal care.
Regarding prenatal care and its connectivities with premature birth/low birthweight and 
transit mobility in New York City, the pattern of correlations overall appears conclusive that nearly 
all of the most isolated communities geographically, underserved by public transit are the same 
communities which struggle with attaining timely and sufficient prenatal care. And these are quite 
often the same communities are suffering higher incidence of premature birth and low birthweight, 
it would appear, as a consequence of limited utilization of prenatal care. The pattern of women who 
received no prenatal care was also very correlated, specifically bad transit mobility with high rates of 
no receipt of care.
Working while pregnant was a much more complicated situation statistically, no doubt due 
to the broad categorization of the single yes/no variable with no indication of quantity or timing of 
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work. This is also certainly in part due to the unique cultural Social Darwinism of the United States 
in not providing universal healthcare unlike every other developed nation and many developing 
nations, and instead relying on employment-based insurance which eliminates the choice to not 
work during pregnancy for many women. While there are a higher percentage of women who 
worked in above average census tracts for premature birth and bad transit mobility, this appears to 
solely be by virtue that more women work through pregnancy generally.
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Conclusion & Recommendations
Transit Mobility Variable & Indexing Methodology
The transit mobility index variable constructed as a primary part of this research has already 
shown utility as a variable with spatial predictive power. During initial regressions comparing values 
among census tracts, the transit mobility variable showed significant correlation between local transit
mobility and higher BMI, lung disease, hepatitis B & C, as well as other chronic health conditions 
among pregnant women. These findings are consistent with conceptions of isolated urban 
communities, food deserts, diet, obesity, and greater exposure to airborne contaminants. The linkage
between local mobility and these chronic urban health issues is clearly an issue of environmental 
justice with implications for equitable transit and community planning. This research was most 
broadly intended as a recommendation for improvements of the transit system in New York City, 
but other situations and recommendations were drawn out.
Transit Mobility and Adverse Birth Outcomes
  
Premature birth does appear to be broadly mediated by transit mobility. Statistically the 
correlation was strong: tracts with better than average transit mobility had below average rates of 
premature birth, and worse mobility meant worse rates of premature birth. Mobility, as essentially 
the expression of a distance decay function, is a very clustered phenomena, and the map of 
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premature rates was much more complex and with much less gradation, but spatially, correlations 
were strong as well. Much of the most underserved census tracts by MTA were also hotspots of 
premature birth and low birthweight, and conversely tracts exceptionally well served by public transit
in New York City were coldspots. As well, looking specifically at hotspots of premature birth, there 
was a clear pattern of correlation with mobility.
The pattern of correlations overall appears conclusive that nearly all of the most isolated 
communities geographically, underserved by public transit are the same communities which struggle 
with attaining timely and sufficient prenatal care. And these are quite often the same communities 
are suffering higher incidence of premature birth and low birthweight, it would appear, as a 
consequence of limited utilization of prenatal care. The pattern of women who received no prenatal 
care was also very correlated, specifically bad transit mobility with high rates of no receipt of care. 
With these broad associations between bad mobility, premature birth, and low or late use of 
prenatal care, the recommendation of this research is that to lower rates of premature birth, more 
screening needs to take place, and earlier into pregnancies. To accomplish this, on a universal or 
low-income basis, a paratransit service as is provided for the handicapped community would enable 
convenient, efficient access to prenatal care for these communities identified as most at-risk.
Hypertension and infection in both demonstrate spatial correlation and clustering with 
premature birth, and infection especially well with birthweight. And many of the communities most 
affected by high rates of hypertension and infection are underserved by public transit in New York 
City. While the direct hotspot correspondences between mobility and rates of prematurity/LBW are 
not well explained by the particular patterning of hot a cold spots of hypertension and infection, 
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mobility has been demonstrated to impact two of the most well correlated risk factors for premature
birth in the pro-inflammatory regime.
Working while pregnant was a much more complicated situation statistically, no doubt due 
to the broad categorization of the single yes/no variable with no indication of quantity or timing of 
work. This is also certainly in part due to the unique cultural Social Darwinism of the United States 
in not providing universal healthcare unlike every other developed nation and many developing 
nations, and instead relying on employment-based insurance which eliminates the choice to not 
work during pregnancy for many women. While there are a higher percentage of women who 
worked in above average census tracts for premature birth and bad transit mobility, this appears to 
solely be by virtue that more women work through pregnancy generally.
More women work into pregnancy than don’t in census tracts that are worse than average 
for premature birth, mobility, & hypertension. Work during pregnancy investigated as a single 
variable was protective and was associated with reductions in premature birth rates, but in 
combination with any other factor, working seemed to function as a complicating factor, 
augmenting the increase in premature rate already associated with other risk factors. Quite plainly 
women would have more choice about working into pregnancy if universal healthcare was instituted.
Future research could focus specifically on insurance status, type, and possibly work during 
pregnancy from the basis of a better amount of data about the hours, length into pregnancy, type of 
work, or commute.
The correlations of body mass index to hypertension and also increased premature birth and 
lower birthweight are hard to ignore or attribute to mobility. Obesity is ostensibly a social disease of 
bad eating culture, but it was beyond the scope of this research to investigate further. The data 
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contained many variables on ethnicity, age, etc which could parse the picture of BMI and draw out a 
better picture. This could all be combined with data on food deserts, poverty, etc to further expand 
on this nexus of premature birth/low birthweight-mobility-body mass index. It is also hard not to 
imagine how universal healthcare would not have a positive effect on the health of these 
communities. 
A healthier mother at time of conception clearly means a less risky pregnancy. The more 
contact between expecting mothers in at-risk health situations, the lower the likelihood of premature
birth. With universal healthcare, free prenatal care, and provision of rides to prenatal care visits, the 
riskiest pregnancies can have the greatest chance of being identified and brought closer to full term.
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Discussion of Limitations
Inherent Uncertainty in Complexity
Premature birth is a phenomena which has not been resolved through being treated like a 
typical disease, such as through diagnosis through identification of risk factors. The most correlated 
single factors only make up a small amount of variability, and the full panel of all significant 
variables likewise does not function well at all as a diagnostic tool predicting true positives and true 
negatives. 
Even if the phenomena was easily predictable and lent itself to diagnosis, the intense level of 
complexity in innumerable environmental factors and intense diversity and complexity in New York 
City makes describing describing any disease tricky, but the slippery nature of premature birth adds 
geometrical levels of uncertainty. As discussed in the section on stress and reproductive health, 
certain neighborhood characteristics such as localized violent crime or urban food desert 
phenomena very well may be at play, a condition to which this research would be wholly ignorant.
So this taken as an example, maternal malnutrition, which is not a factor given in the vital birth 
records, would confound BMI as well as generally retard fetal development, lowering fetal weight, 
thus increasing risk of premature birth. So, on top of premature birth being elusive to prediction and
diagnosis, the sheer complexity of potential influential factors on the ground is a significant 
background limitation in all research into premature birth rates, especially in dense urban settings. 
Spatial Specificity
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The original design of the transit access indexing portion of this research was to produce a 
ranking of the transit access for the place of residence of each mother using a modified version of 
the Siegel methodology, or a measure of actual distance from trains. But given privacy concerns, 
obtaining data of a geographic granularity more specific than a census tract is not possible. As a 
matter of policy the NYCDOHMH considers census block group or nearest intersection to be so 
specific as to risk the possible re-identification of the individuals, forcing the limitation of this 
research to the census tract scale. Upon request, a specifier for census tract of maternal residence 
was attached in place of address to each vital birth record.
The use of the maternal address as the assumed sole residence of the mother is an 
oversimplification of the realities of life, where people may live at multiple addresses or move during
the course of a pregnancy. The transit accessibility scores ascribed onto particular mothers and 
pregnancies must be considered to contain some level of uncertainty as a consequence. More precise
information on the income of each mother, address or census block group, multiple addresses, or 
other information would derive a much more sophisticated measure of transit accessibility.
Quality of Birth Record Data
Unlike gestational weeks which is empirically measured through a series of tests after birth, 
certain key factors such as smoking and illicit drug use during pregnancy are self-reported and likely 
under-represent their true values. Of profound import, the values provided for number of prenatal 
care visits and date of initiation are self reported, and it would be hard to imagine these not suffering
also from variable quality of responses. Actual data on numbers of prenatal care visits from 
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hospitals, free clinics, etc would make for hard, scientific conclusions versus this research which 
should be considered more or less exploratory and descriptive.
Limitations of Statistical and Geo-analytic Techniques
Many numerous attempts were made to employ Bayesian Generalized Linear Modeling  
‘regression’ techniques in R and Python environments, place of the inappropriate OLS regressions 
used in this research. Given hardware limitations, the runs would take 12-16 hours and models often
did not converge. This proved to be an insurmountable obstacle in attempting to improve the initial 
statistical portion. However, neither method was truly necessary, as with a population-level dataset 
there is no need to extrapolate or project population-level statistics, the true rates and values are 
known. However, given the study included a sequence of three years, the 
The methodology for systematic local transit mobility indexing in high density urban areas 
proposed in this research showed its utility in efficient production of a useful index variable with 
very simple means and implementation which is scalable in its parameters, but could be 
implemented out of the box to profile any similar dense metropolis. However, while this research 
considered areas underserved by transit essentially as in-need, it was not in the purview of this 
research to attempt to construct and index and quantify real transit need. Which, in the context of 
premature birth, to truly be targeted to pregnant women most in need of effective transit, any 
remedy cannot be prescribed at such a broad level as a census tract, encompassing the needs of 
hundreds of individuals. As discussed earlier, future research along these lines to be actionable 
would benefit greatly from a more specific spatial granularity than census tracts, both for transit 
mobility modeling and the maternal residence.
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The more well known mathematical methods for quantifying spatial correlation which are 
available in software such as ESRI products, GeoDA, and numerous geospatial packages for R and 
Python are all fairly limited in their effectiveness and robustness and at times elusive to 
interpretation. Bivariate Local Moran’s I used in this research is especially so. One can tweak certain 
factors in the analysis: permutations etc, but one is never certain if this is the ‘true’ picture of the 
data or by what standard output cluster analyses can be analyzed for errors or overfitting. There are 
numerous emerging methods using techniques based off of Moran’s or Getis-Ord which are 
available as papers, but it was beyond the scope of this research to search for a ‘better’ cluster 
analysis methodology, weigh it as best against other similar methodologies, and to hand code a tool 
to use it. So, the numerical methods greatly limited the ability of this research to be clear about its 
results and make strong recommendations from a place of low uncertainty.
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Appendix 1. Live births 2014-2016, Four Contiguous Borough of New York City
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Appendix 3. Significant Risk Factors for Premature and Low Birthweight
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